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Chapter 1 
 
  General Introduction 
 
Organic electroluminescence (EL) is the electrically driven emission of light from 
non-crystalline organic materials, which was first observed and extensively studied in 
the 1960s.1,2 In 1987, a research group in Kodak introduced a double layer organic 
light-emitting diodes (OLEDs) (Figure 1.1), which combined modern thin film 
deposition techniques with suitable materials and structure to give moderately low bias 
voltages and attractive luminance efficiency.3,4 Shortly afterwards, in 1990 the 
Cambridge Group of Friend announced the first conducting polymer-based LED.5,6 
Since then, there have been increasing interest and research activities in this new field 
and enormous progress have been made in the improvements of color gamut, 
luminance efficiency and device reliability. The growing interest is largely motivated by 
the promise of the use of this technology toward full-color flat panel displays.  
 
 
F igure 1.1 Fundamental setup of a double layer (DL) organic LED: ETL-electron transport 
layer, EML-emission layer (20-100 nm), and HTL-hole transport layer. Indium-tin-oxide (ITO) 
covered glass (or quartz) substrate is used typically as a hole-injecting contact and a metal 
(usually Mg, Al, Ca) as an electron injecting electrode. 
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In TRGD\¶Vdevelopment of OLED technologies, the trends of organic EL devices are 
mainly focusing both on optimizations of EL structure and on developing new 
optoelectronic emitting materials. Thus, the key point of OLED development for 
full-color display is to find out materials emitting pure colors of red, green and blue 
(R G B) with excellent emission efficiency and high stability. During the past two 
decades, numerous materials with brightness RGB emission have been developed to 
meet the requirements towards the full-color displays. Among them, organic small 
materials containing polycyclic aromatic hydrocarbons (PAHs) (e.g. naphthalene, 
anthracene, perylene, fluorene, carbazole, etc.) are well-known and are suitable for 
applications in OLEDs. Recently, naphthalene, anthracene, perylene, fluorene and their 
derivatives have been widely used as efficient emitting materials in OLEDs applications. 
Although pyrenes also belong to the class of polycyclic aromatic hydrocarbons (PAHs), 
and pyrene and its derivatives have been extensively applied to biological technology 
such as fluorescence probes7 or fluorescence sensor8 by virtue of its well-characterized 
long-lived excited state, the sensitivity of its fluorescence to quenching, the sensitivity 
of its excitation spectra to microenvironment changes, and its propensity for forming 
excimers, but the development of pyrenes as an emitter to OLEDs application is limited 
because pyrene molecules are easily formed S-aggregates/excimers in concentration 
solution and in solid state, and the formation of S-aggregates/excimers will lead to long 
wave excimer emission with low quantum efficiency. More recently, it was reported that 
pyrene derivatives were useful for hole transporting materials9 and host blue-emitting 
materials10 in OLEDs by both the introduction of long or branched side chains and 
copolymerization with a suitable bulky co-monomer. Therefore, there is substantial 
interest to develop new pyrene-based emitters with high-performance for full-color 
OLED applications. 
   Accordingly, inspired by intriguing application in OLED devices, the aim of this 
thesis is to synthesize, and study a variety of new pyrene-based light-emitting materials, 
which are mainly combined pyrene as a fascinating conjugated core with various types 
of substituent (e. g. pyrenyl, fluorenyl, diphenylamine, as well as phenylethynyl, etc.) as 
an extended S-conjugation moieties. The first motivation for this research line is to 
explore the accessibility of these materials in terms of synthesis, stability and solubility 
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of the materials. A second motivation is to determine and construct, using photophysical 
techniques, the structure-property relationships between the different fluoromophores 
substituents and the different number of fluoromophores substituents in these unique 
architectures in solution or solid state, and finally, expected to find out several suitable 
promising emitting materials with high-performance in OLEDs applications. 
The remainder of the thesis is organized as follows: Chapter 2 provides a brief 
description on the existing literatures on OLED devices and materials, but the materials 
are mainly confined on small molecular organic materials consisting of hole-injection 
materials, hole-transporting materials, electron-transporting materials as well as host 
RGB emitting materials. In addition, a detailed attention is focused on pyrene and its 
derivatives, which have extensively been studied in fluorescence chemosensors and 
photonic devices by virtue of their inherent and excellent photophysical characteristics 
in recent literatures.  
Since electrophinic substitution of pyrene at the 1-, 3-, 6-, and 8-positions, but not 
at the other positions (2, 4, 5, 7, 9 and 10), pyrenes substituted at the latter positions 
must be prepared in other ways than by direct electrophilic substitution of pyrene itself. 
In chapter 3, the synthesis, structure and spectral properties of a set of 4-mono-, 4,9-bis- 
and 4,10-bis-phenylethynyl-subsituted pyrene derivatives are presented,11 by using 
tert-butyl group as a positional protective group12 with indirect synthetic routes. The 
structures of these new phenylethynyl-substituted pyrenes were fully demonstrated on 
the basis of their 1H NMR, 13C NMR, FT-IR analysis, mass spectroscopy, as well as 
elemental analysis. All compounds have a good stability and high solubility in common 
organic solvents such as dichloromethane, chloroform, and hexane. Furthermore, the 
spectral properties of UV-vis absorption and fluorescence-emission for each compound 
were examined in solutions.  
Chapter 4 describes the synthesis and photophysical properties of a new series of 
pyrene-based, cruciform-shaped, highly pure blue fluorescent and stable monomers,13 
namely, 2,7-di-tert-butyl-4,5,9,10-tetrakis(p-substituted phenylethynyl)pyrenes, which 
were successfully synthesized by a modified Pd/Cu-catalysed Sonogashira coupling 
reaction. The cruciform-shaped structures were also characterized by 1H NMR, 13C 
NMR, IR spectroscopy, Mass spectroscopy, and elemental analysis. As revealed from 
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single-crystal X-ray analysis, there is a herring-bone pattern between stacked columns 
but the S-S stacking distance (ca. 5.83 Å) of adjacent two pyrene units are not especially 
short at ca. 3.50-3.70 Å due to the introduction of the two bulky tert-butyl groups in 
pyrene rings at 2 and 7 positions. Their photophysical properties were fully examined in 
different organic solvents in detail and these data indicated their potential application as 
robust blue-emitting materials in organic light-emitting diodes (OLEDs). Similarly, the 
synthesis and spectral properties of a series of new pyrene-based hand-shaped 
S-conjugation blue light-emitting monomers, namely, 2-tert-butyl-4,5,7,9,10-pentakis- 
phenylethynylpyrenes are presented in Chapter 5. Interestingly, larger bathochromically 
red-shifts in both UV-Vis absorption and fluorescence-emission were observed 
compared with that of those mono-, bis-, and tetrakis-phenylethynyl- substituted 
pyrenes. These results should be attributed to the increasing number of phenylethynyl 
substituent in these new molecular systems. 
On the other hand, substitution in the pyrene ring at the most active centers (1-, 3-, 
6-,and 8-positions) by pyrene or fluorene units can lead to interesting dendritic 
architectures with a well-defined number of chromophores in a confined volume.14 In 
Chapter 6, the synthesis and spectral properties of three types of pyrene-based 
fluorescent monomers (e.g. 1-mono-pyrenyl/fluorenyl-substituted pyrenes, isomer of 
1,6-di- and 1,8-di-pyrenyl/fluorenyl-substituted pyrenes, and 1,3,6,8-tetrakis(pyrenyl/ 
fluorenyl-substituted) pyrenes are reported, which were generated by a modified Suzuki 
coupling reaction. These compounds are also studied in detail with UV-vis absorption 
and fluorescence spectroscopy to show that both the different substituents and the 
number of the substituent have an obvious influence on UV-Vis absorption spectrum 
and fluorescence-emission properties in solution conditions. Furthermore, for these new 
pyrene-based compounds, clear evidences were obtained that not only in their UV-Vis 
absorption spectra but also in their fluorescence-emission spectra could be affected and 
shown gradually bathochromically red-shifted to visible region arising from the 
increasing number of the substituents. Interestingly, a slight change in solvents from 
nonpolar cyclohexane to polar DMF cause a certain solvatochromic shift in the S-S 
absorption band for the mono-substituted pyrenes and the tetrakis-subsituted pyrenes, 
respectively. The same change was also observed in the fluorescence-emission spectra 
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with increasing solvent polarity.15 
Finally, a set of mono-, bis-, and tetrakis(N,N-diphenylamine)-substituted pyrenes 
monomers is described in Chapter 7, which were prepared by using a modified 
Buchwald-Hartwig amination reaction according to the literature procedures. In these 
new materials, N,N-diphenylamine molecules are connected with pyrene at 1-, 1, 6-, 1, 
8-, and 1, 3, 6, 8-positions depending on the ±C-N- bond to construct a unique 
two-dimensional architectures. The photophysical properties of these compounds are 
quite characteristic and showed largely bathochromiclly red shift into both blue-green 
and green visible region compared to that of pyrenyl/fluorenyl-substituted pyrenes in 
Chapter 6.  
 
In summary, several types of pyrene-based highly fluorescent and stable materials 
were selectively designed and synthesized. The structures for all these novel pyrene 
derivatives were fully characterized. In particular, the 1,3,6,8-tetrakis-, 4,5,9,10- 
tetrakis- and 4,,5,7,9,10-pentakis-substituted pyrenes demonstrated more higher thermal 
stability and better solubility in common organic solvents. Very bright fluorescence 
emissions from deep-blue to sky-blue and dynamic fluorescence quantum yields were 
observed in dilute solution. Hence, they are promising useful as emitters in the 
fabrication of light emitting devices. 
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          Chapter 2 
 
 OL E Ds and OL E D Materials 
 
2.1 . What is O L E D? 
 
2.1.1. A brief history of organic light-emitting devices (O L E Ds) 
Electroluminescence (EL) is an optical phenomenon and electrical phenomenon 
where a fluorescent material emits light in response to an electric current passed through 
it, or to a strong electric field. This phenomenon can be observed in both inorganic 
fluorescent materials and organic fluorescent materials. It is distinct to light emission 
resulting from heat (incandescence) or from the action of chemicals 
(chemiluminescence). On the other hand, organic electroluminescence is the electrically 
driven emission of light from non-crystalline organic materials, which was first 
observed and extensively studied in the 1960s.1,2 
In 1979, Chin Tang discovered electroluminescence in the research department of 
Kodak. During his work with solar cell he observed a blue glow of organic material. In 
1987 Tang and Van Slykle introduced the first organic light emitting device (OLED) 
íía novel electroluminescent device is constructed using organic materials as the 
emitting elements. The device has a double-layer structure of organic thin films, 
prepared by vapor deposition. Efficient injection of holes and electrons is provided from 
an indium-tin-oxide anode (ITO) and an alloyed Mg/Ag cathode. Electron-hole 
recombination and green electroluminescent emission are confined near the organic 
interface region. High external quantum efficiency (1% photon/electron), luminous 
efficiency (1.5 lm/W), and brightness (>1000 cd/m2) are achievable at a driving voltage 
below 10 V. This device combined modern thin film deposition techniques with suitable 
materials and structure to give moderately low bias voltages and attractive luminance 
efficiency.3,4 Since then, their impressive contribution to organic electroluminescent and 
photovoltaic devices paved the way for all the subsequent progress. 
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In 1988, Adachi and Tokito et al. reported a stable organic electroluminescent (EL) 
device with multi-layer structure, which consists of a hole-transporting layer, an 
emitting layer, and an electron-transporting layer. Efficient carrier double injection to 
the emitting layer was realized by use of separated hole and electron transport layers. 
They also provided many beneficial suggestions that how to change the emission 
spectrum and how to improve the stability of EL devices.5, 6 Shortly afterwards, in 1990 
Richard Friend Group in Cambridge performed pioneering work which introduced 
light-emitting semi-conducting polymers as an additional class of promising emissive 
organic materials for electroluminescent devices.7, 8 More recently, in 1998 M.A. Baldo 
et al. introduced a solution to the utilization of phosphorescent materials in OLEDs, 
which was found by doping the phosphorescent materials into a charge transport host 
materials. They have described the major difference between fluorescence and 
phosphorescence in the terms of materials and devices.9 Since then, there have been 
increasing interest and research activities in this new field and many enormous 
progresses have been made in the improvements of colors gamut, luminance efficiency 
and device reliability in OLEDs. 
 
                 
 
F igure 2.1 Image of OLED device structure 
 
As shown Figure 2.1, a typical OLEDs has an organic medium consisting of 
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extremely thin layers (<0.2 Pm in combined thickness) sandwiched by a transparent 
anode and a metallic cathode, which mainly consists of the following parts: (a) 
Substrate (clear plastic, glass, foil) --- The substrate supports the OLEDs (b) Anode 
(transparent) --- the anode removes electrons (adds electron "holes") when a current 
flows through the device. (c) Organic layers --- these layers are made of organic 
molecules or polymers. (d) Cathode (may or may not be transparent depending on the 
type of OLED) --- the cathode injects electrons when a current flows through the device. 
The organic layers can be functioned as a hole-injection layer, a hole-transport layer 
(HTL), an emitting layer (EML), and an electron-transport layer (ETL).  
At present, there are mainly three types of structures of organic electroluminescence 
devices as shown in Figure 2.2: 
(1) Single-layer structure. In a basic one-layer OLED structure, an organic layer 
(EML) is specifically chosen to transport holes and electrons and resultant 
electroluminescence, in which the chosen organic material has properties of 
hole-transporting, electron-transporting and emissive or the organic layer was composed 
of materials with the capabilities of hole-transporting, electron-transporting and 
emissive (Figure 2.2a). 
(2) Double-layer structure. In the two-layer OLED structure, one organic layer 
(HTL) is specifically chosen to transport holes and the other organic layer (ETL) is 
specifically chosen to transport electrons. The interface between the two layers provides 
an efficient site for the recombination of the injected hole-electron pair and resultant 
electroluminescence (Figure 2.2b). 
(3) Multi-layer structure. The simple structure can be modified to a three-layer 
structure, in which an additional luminescent layer is introduced between the HTL and 
ETL to function primarily as the site for hole-electron recombination and thus 
electroluminescence. In this respect, the functions of the individual organic layers are 
distinct and can be optimized independently. Thus, the luminescent or recombination 
layer can be chosen to have a desired EL color as well as high luminance efficiency. 
Likewise, the ETL and HTL can be optimized primarily for the carrier-transport 
property (Figure 2.2c). 
To date, the multi-layer structure devices are the mostly favored design in OLEDs, 
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despite of the manufacturing point of view that devices with fewer layers are much 
desirable because they can simplify the fabrication process. 
 
Substrate
ITO
EML
MgAg
Substrate
ITO
ETL
MgAg
HTL
Substrate
ITO
ETL
Mg-Ag
HTL
EML
           (a)                        (b)                        (c) 
 
F igure 2.2 Three types of structures of OLEDs: (a) Single-layer, (b) Double-layer, (c) 
Multi-layer 
 
2.1.2. Operating mechanism of O L E Ds 
The operating mechanism of OLEDs can be described with the basic three-layer 
OLED structure. As shown in Figure 2.3, when an electrical potential difference is 
applied between the anode and the cathode such that the anode is at a more positive 
electrical potential with respect to the cathode, the electroluminescent phenomenon 
occurred as the following: 
(1) Car rier injection. Holes are injected from the anode (ITO) into the highest of 
occupied molecular orbital (HOMO) of hole-transport layer (HTL), while electrons are 
injected from the cathode (Mg/Ag, Al/Li, Mg/Al etc.) into the lowest unoccupied 
molecular orbital (LUMO) of electron-transport layer (ETL).  
(2) Car rier migration. The injected holes and electrons each migrate toward the 
oppositely charged electrode under the high electrical potential (~ 106 V/cm). 
(3) The injection of carrier into EML. Holes are injected from HTL into the HOMO of 
emissive layer (EML), while electrons are injected from ETL into the LUMO of the 
emissive layer (EML). 
(4) Car rier recombination. The recombination of holes and electrons occurs in the 
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emissive layer (EML) and to form singlet-exciton and triplet-exciton under the 
recombination energy. 
(5) E mits light. Upon recombination, the unstable singlet-exciton is re-backing from 
excited state into ground state and energy is released as light, which is emitted from the 
light-trans emissive anode and substrate. 
 
In OLEDs, Charge injection and transport are the limiting factors in determining 
operating voltage and luminance efficiency. The holes current is limited by injection, 
and the electrons current is strongly influenced by the presence of traps owing to 
metal-organic interactions. Thus, in order to enhance carrier injection the selection of 
efficiently electron-injection cathode materials and the use of appropriate surface 
treatments of anodes are of great importance.  
 
LUMO
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+
++
++
-
----
Fig. 3. Energy level diagram of a three-layer OLED 
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2.1.3. Luminous efficiency K(p) and quantum efficiency K(q) of O L E Ds 
It has been recognized that OLED efficiency strongly depends on the balance of 
holes and electrons in the emitting layer.10,11 In OLEDs, the following processes take 
place successively: the injection of the oppositely charged carriers, the formation of 
excitons, and light emitted during recombination of the electron and hole. The main 
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factors that determine luminous and external quantum efficiencies are the following: 
(a): efficiency of charge injection from the electrodes, (b): charge balance, (c): spin 
multiplicity of the luminescent state, (d): emission quantum yield, and (e): light output 
coupling factor. In OLEDs, the luminous efficiency K(p) is defined as the ratio of the 
luminous flux emitted by the device and the consumed electric power and is shown as 
below equation (1). The quantity J [A/m2] is the current density, the quantity L [cd/m2] 
is the brightness, and the quantity V [V] is the applied voltage. 
                   Kp = S L / J V                        (1) 
Quantum efficiency (K) is an important quantity, which reflects the comprehensive 
results of the EL process and be defined as the ratio of the number of emitted light 
quanta per unit area per unit time to the number of carriers flowing across unit area unit 
per unit time. In Figure 2.4, the internal quantum efficiency is described as Kint = JK1K2, 
and the external quantum efficiency is shown as Kext = JK1K2K3. 
The variable J is the number of electron hole pairs (excitons) formed per unit 
volume per unit time divided by the carriers flowing across unit area. The number of 
excitions formed is determined by the number of minority carriers. It is physically quite 
obvious that J can never be larger than 0.5. In an alternative way, quantum efficiency is 
defined as ratio of the number of emitted light quanta to the number of electrons, and 
then J is approximately equal to 1. 
The quantity K1 represents the luminance efficiency of the excitons Spin-symmetric 
excitons with a total spin of s S = 1 has a multiplicity of three and is known as triplets. 
Spin-anti-symmetric excitons (S = 0) have a multiplicity of one and are known as 
singlets.12 During electrical excitation approximately one singlet exciton is created for 
every three triplet excitons, but only relaxations of singlet excitons conserve spin and 
generate fluorescence because the ground state is typically also spin-anti-symmetric. 
Therefore, one can expect to lose 75% of the electron-hole pairs to triplet excitons, 
which do not decay radiatively with high efficiency. 
The quantity K2 is defined as the ratio of radiative transition from the singlet 
excitons. In the absence of competing radiationless transitions, its value is 
approximately 1. 
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F igure 2.4 Schematic diagram shoeing EL process 
 
The variable K3 represents the fraction of the light emitted at the surface relative to 
the light produced in the bulk. It is determined by the device structure and the refractive 
indices (n) of the composed layers since in thin film light-trapping caused by total 
reflection is inevitable. This factor can be estimated by Fresnel loss (1/2n2) to be about 
20% as most indices of organic materials are about n ~ 1.6. By adding all factors 
together, the maximum external quantum efficiency is estimated to 2-3%. The efficiency 
is primarily limited by coupling loses and restrictions imposed by spin conservation. 
In order to attain high quantum efficiency for electroluminescence (EL), it is 
necessary to achieve three things: (a) efficient charge injection from the electrodes at 
low drive voltage; (b) good charge balance, and (c) confinement of the injected charge 
carriers within the emitting layer to increase the probability of the desired emissive 
recombination. 
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2.1.4. Character ization of O L E Ds 
   Organic light-emitting devices (OLEDs) have received considerable attention due 
to their superb display image quality and demonstrated manufacturing and market 
potentials in small-to-medium mobile display applications. Although Liquid Crystal 
Display (LCD) is currently the display of choice in small devices and is also popular in 
large-screen TVs. There are many disadvantages in LCD display have not been resolved, 
not only its small viewing angle, slow response, and high electric consumption, but also 
it is difficult to produce more thinner devices and to reduce the electric power due to its 
backlighting. OLED technology offers some novel display solutions. They are able to 
replace the current technology in many applications due to the following performance 
advantages over LCDs and LEDs. 
(a) Greater brightness.  OLEDs are brighter than LEDs. Because the organic layers of 
an OLED are much thinner than the corresponding inorganic crystal layers of an 
LED, the conductive and emissive layers of an OLED can be multi-layered. Also, 
LEDs and LCDs require glass for support, and glass absorbs some light. OLEDs do 
not require glass; 
(b) Wider viewing angle. OLEDs have large fields of view, almost up to180°. Because 
LCDs work by blocking light, they have an inherent viewing obstacle from certain 
angles. OLEDs produce their own light, so they have a much wider viewing range;  
(c) Lower power consumption. OLEDs do not require backlighting like LCDs. The 
LCDs work by selectively blocking areas of the backlight to make the images, while 
OLEDs generate light themselves. Because OLEDs do not require backlighting, 
they consume much less power than LCDs (most of the LCD power goes to the 
backlighting). This is especially important for battery-operated devices such as cell 
phones;  
(d) Faster response time. 100 to 1000 times as fast as LCDs;  
(e) Thinner and more flexible.  Because the light-emitting layers of an OLED are 
lighter, the substrate of an OLED can be flexible instead of rigid. OLED substrates 
can be plastic rather than the glass used for LEDs and LCDs, And 
(f) Greater environmental durability (e.g. lesser concussion sensitivity) more power 
efficiency; 
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(g) Broader operating temperature range; 
(h) Greater cost-effectiveness. OLEDs are constructed using glassy and amorphous 
organic films and thus provide significant advantages in device fabrication and cost 
reduction. 
However, from the above advantages, OLED seem to be the perfect technology for 
all types of displays, but they also have some problems as shown following: 
(1) Devices lifetime. While red and green OLED films have achieved long lifetimes for 
from 10,000 to 40,000 hours, but blue organics currently have much shorter lifetimes, 
only about 1,000 hours;  
(2) Manufacturing. Manufacturing processes are expensive right now;  
(3) Water. Water can easily damages OLEDs.  
 
 
2.2. Recent Developments of O L E D Mater ials  
 
2.2.1. Requirements for mater ials in O L E Ds 
Since the pioneering studies on OLEDs using organic small molecules and polymers, 
4,7 both small molecules and polymers have been studied for use as materials in OLEDs. 
Small organic molecules that readily from stable amorphous glasses above room 
temperature, i.e., amorphous molecular materials,13 and polymers containing S-electron 
systems in the main chain, i.e., S-conjugated polymers, have been proven to be 
promising candidates for materials for OLEDs. 
In OLEDs, the advantages of organic materials over inorganic materials are their 
excellent color gamut and high fluorescence efficiency. Light is produced in organic 
materials by the fast decay of excited molecular states, and the color of light completely 
depends on those excited states and the molecular ground level. Many materials show 
intense photoluminescence with near unity quantum yield, while the EL efficiency is 
limited by the probability of creating non-radiative triplet excited states in the 
electron-hole recombination. To date, trends of organic EL structure devices have been 
focused on both on optimization of EL structure and on developing new optoelectronic 
materials.14,15 Different types of EL structures have been, there by, proposed to improve 
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the quantum efficiency, conversion efficiency, lifetime, and emission colors.16 At 
present, many very bright and efficient EL devices have been achieved by using 
multi-layer devices structure in spite of the manufacturing point of view: devices that 
have fewer layers are much desirable because they simplify the fabrication process. 
Meanwhile, organic compounds with fascinating molecular structures have been 
designed and synthesized to meet different requirements. Therefore, the performance of 
OLEDs depends upon various materials functioning in specialized roles such as hole 
transporting, electron-transporting, and emitting (Figure 2.5). Consequently, in order to 
achieve overall high performance from the device, it is of crucial important to develop 
high-performance materials in all these categories. Generally, in OLEDs, the following 
criteria are required of materials. Materials should: (1) Materials should possess suitable 
ionization potential and electron affinities, i.e., well-matched energy levels for the 
injection of charge carriers from the electrodes and adjacent organic layers. (2) 
Materials should be capable of forming smooth, uniform films without pinholes. (3) 
Materials should be both morphologically and thermally stable. In additional to these 
general requirements, materials should meet further specialized needs depending upon 
the roles that they play in devices. 
The aim of this chapter is focus on introducing small molecular organic 
electroluminescence materials using as hole-transporting, electron-transporting, and 
emitting molecular materials in OLEDs. Molecular organic materials function as holes 
transporting, electron-transporting, or emitting materials, mainly depending upon their 
ionization potentials and electron affinities. Generally, materials having low ionization 
potentials together with low electron affinities usually function as hole-transporting 
materials by accepting holes carriers with a positive charge and transporting them, while 
materials having high electron affinities together with high ionization potentials usually 
function as electron-transporting materials by accepting negative charges and allowing 
them to move through the molecules. In other words, materials with electron-donating 
properties and materials with electron-accepting properties serve in OLEDs as 
hole-transporting and electron-transporting materials. The emitting layer functions as 
the recombination center for injected holes and electrons to generate electronically 
excited states or excitons, which either emit luminescence or transfer their excitation 
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energy to a luminescent dopant dispersed in a host materials in the emitting layer. 
Therefore, materials for use in the emitting layer should have both electron-donating 
and electron-accepting properties since they need to accept both holes and electrons, 
that is, bipolar character. 
 
 
 
F igure 2.5 Multilayer structures of OLEDs 
 
 
2.2.2. Molecular organic electroluminescence mater ials 
 
2.2.2.1. Hole-transporting mater ials 
In layered OLEDs, the hole-transport generally plays the roles of facilitating holes 
injection from the anode, accepting holes, and transporting injected holes to the emitting 
layer. Therefore, the hole-transporting materials should undergo reversible anodic 
oxidation to form stable cation radicals. The materials should possess high holes drift 
mobility to be capable of swiftly transporting the hole through them. Ever since the 
discovery of using tri-arylamines with a "bi-phenyl" center as the hole-transport layer, 
this greatly improved both EL efficiency and operational stability of OLED.17 Most of 
 Light  
Mg/Ag electrode 
ETL 
EML 
HTL 
ITO 
Substrate 
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the new HTM developed seemed to have all evolved around this theme. Among them 
N,N'-diphenyl-N,N'-bis(3-methylphenyl)(1,1'-biphenyl)-4,4'-diamine(TPD) and N,N'- 
bis(1-naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine (NPB) have been studied 
extensively. One of the reasons for its popularity is because sublimed NPB can be 
manufactured readily and is thus abundantly available even through its Tg at 98 oC is a 
trifle low which may affect its morphological stability at high operating temperature. 
Therefore, studies on the design and synthesis of new HTMs have been continually 
focused on finding materials with high thermal thin film morphological stabilities and 
on finding ways to control and optimize carrier injection and transport. These 
approaches to molecular design can be roughly categorized into biphenyl diamine 
derivatives; starburst amorphous molecular glass; spiro-linked biphenyl diamine and 
miscellaneous. Molecular structures of these three types of hole-transporting materials 
examples are shown as follows (Figure 2.6). 
N N
CH3 H3C
N N
TPD NPB  
N N N N
PPD TBPB  
N N N N
PFFAp-BPD  
                               (Continued) 
Jian-yong Hu                               Saga University, Japan 
- 19 - 
 
N
N
NN
CH3
H3C
CH3
N
N
NN
TCTAm-MTDATA  
N
N
NN
N
N
NN
TFATA1-TNATA
 
(R)
(R)
N N
NN
(R)
(R)
NN
spiro-TAD Spiro-2  
N
NN
CH3
H3C
H3C
TDAPB
N
NN
TBFAPB  
(Continued) 
Jian-yong Hu                               Saga University, Japan 
- 20 - 
 
 
 
N
NN
H3C
CH3
FPCD
N
NN
N
DBC  
 
F igure 2.6 Molecular structures of typical hole-transport materials 
 
 
2. 2. 2. 2. E lectron-transporting and host emitting mater ials 
Similar to the hole-transporting layer, the electron-transporting layer in layered 
devices generally plays the roles of facilitating electron injection from cathode, 
accepting electrons, and transporting them to the emitting layer. As compared with 
hole-transporting materials, there are fewer electron-transporting materials have been 
reported.  
At present, the most widely used electron-transporting and host emitting materials 
in OLED is still Alq3. This is because Alq3 is morphologically and thermally stable to be 
evaporated into thin films, easily synthesized and purified, molecularly shaped to avoid 
exciplex formation, and green fluorescent to be a good host emitter. But Alq3 has also 
many shortcomings involving its low quantum efficiency, low electron-transporting 
mobility, large band gap, and the ashing problem during sublimation. Recently, studies 
are continuing toward the understanding of its molecular structural modification, 
photo-degradation, electron drift mobility, and excited state etc.18-21 Another one of the 
most widely used electron-transporting materials is 2-biphenyl-4-yl-5-(4-tert-butyl- 
phenyl)-1,3,4-oxadiazole and its branched, Spiro-linked derivatives. A series of novel 
reported electron-transporting materials in recent literatures is shown as following 
(Figure 2.7) 
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F igure 2.7 Molecular structures of typical electron-transporting materials 
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2.2.2.3. F luorescent dopants (R G B)  
One of the remarkable progresses in the development of OLEDs display can be 
attributed to the discovery of the guest-host doped emitter system.22 This is because a 
single host material with luminescent properties and optimized may be combined with 
variety of highly fluorescent guest dopants leading to a very high efficiency describe 
hues of EL. Another advantage of the doped emitter system in OLEDs is the 
enhancement of its operational stability by transferring the electro generated exciton to 
the highly emissive and stable dopant site thus minimizing its possibility for 
non-radiative decay.23 Among the RGB dopants used in OLEDs, several excellent green 
fluorescent dopants are classes of C-545T24-26 (Figure 2.8), which belongs to the highly 
fluorescent class of coumarine laser dyes. The first best red fluorescent dopants is 
known as DCJTB27 (Figure 2. 8), which luminance efficiency was reported by 
Sanyo/Kodak in 1999. Other notable red dopants were D C DD C ,28 DPP,29 and 
(PPA)(PSA)Pe-130 etc. As shown in Figure 2.8. Recently, the more exciting 
developments in red emitter were the synthesis of BSN, which was disclosed by Sony.31 
In blue-doped emitter in OLED, the famous blue host material known as DPV Bi in the 
OLED community was first published by Hosokawa and co-workers at Idemitsu.32 
However, many research disclosed that the DPV Bi could not have been a good blue 
host materials due to its relative quantum efficiency in toluene of only about 38%, 
which is too low for efficiency Förester energy transfer. Additionally, there are a number 
of stable blue host materials that have been disclosed in the recent literature in recent 
years, which can be roughly categorized into several major classes of compounds, 
namely, diarylanthracences,32 di(styryl)arylenes (DSA),33 fluorenes,34-36 Carbozoles37-38 
as well as pyrene derivatives(The representative pyrenes for OLEDs applications will be 
presented in next chapters in detail), whose representative structures and corresponding 
acronyms are shown in Figure 2.9. 
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F igure 2.8 The molecular structure of typical green and red fluorescent dopants. 
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(c) Fluorene-based blue fluorescent Materials 
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   (d) Carbozole-based fluorescent materials 
 
F igure 2.9 Representative Blue fluorescent materials (a-d) 
Jian-yong Hu                               Saga University, Japan 
- 25 - 
 
2.3 Pyrene and pyrene der ivatives 
Pyrene is an alternant polycyclic aromatic hydrocarbon (PA H) and consists of four 
fused benzene rings, resulting in a large, flat aromatic system, which chemical structure 
as shown in Figure 2.10. Pyrene is a colorless or pale yellow solid and pyrene forms 
during incomplete combustion of organic material and therefore can be isolated from 
coal tar39 together with a broad range of related compounds. Pyrene has been the subject 
of tremendous investigation. In the last four decades, a number of research works have 
been reported on both the theoretical and experimental investigation of pyrene 
concerning on its electronic structure, UV-Vis absorption and fluorescence emission 
spectrum.40,41 Indeed, this polycyclic aromatic hydrocarbon exhibits a set of many 
interesting electrochemical42 and Photophysical43 attributes, which have results in its 
utilization in a variety of scientific areas. Some recent advanced applications of pyrene 
include fluorescent labeling of oligonucleotides for DNA assay,44 electrochemically 
generated luminescence,45 carbon nanotube functionalization,46 fluorescence 
chemosensing,47 design of luminescence liquid crystals,48 supramolecular self- 
assembly,49 organic light emitting diodes,50 etc. Accordingly, in this chapter, a brief 
introduction of both Calixarene-based fluorescent chemosensors by using pyrenes as 
fluorophores and pyrene-based fluorescent light-emitting materials will be summarized, 
which were reported in recent literatures. 
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F igure 2.10 The molecular structure of pyrene 
 
2.3.1 Calixarene-based fluorescent chemosensors using pyrenes as fluorophores 
   It is well known that cations and anions play an important role in a wide range of 
chemical reactions, including biological metabolism as well as many other processes.51 
Recently, much effort has been devoted to the development of appropriate 
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chemosensors for the purpose of detection and quantitative determination of ions.52 The 
key in the design of any effective chemosensor is the association of a selective 
molecular recognition unit with a physical signal highly sensitive to its occurrence. 
Changes in both the absorption and emission of light can be utilized as signals provided 
appropriate chromophores or fluorophores are available, and two important classes of 
sensors are those of the optical and fluorimetric types. While spectrophotometry and 
fluorimetry are both relatively simple techniques which are rapidly performed, 
nondestructive and suited to multicomponent analysis, fluorimetry is commonly 
considered superior, principally because of its greater sensitivity.53 In general, for 
fluorimetric determination of cations or anions, any sensor must include two 
components, an ionophore and a fluorophore, which can be independent species or 
covalently linked in one molecule.54 The ionophore is required for selective binding of 
the substrate, while the fluorophore provides the means of signaling this binding, 
whether by fluorescence enhancement or inhibition. The mechanism of design of 
fluorescent chemosensors is mainly based on photoinduced electron transfer (PE T),55  
Fluorescence resonance energy transfer (F R E T),56 excimer/exciplex formation or 
extinction,57 imine isomerization,58 and photoinduced charge transfer (PC T).59 etc. 
Since their characterization and isolation by Gutsche et al.60 in the 70s, the 
cyclooligomeric phenols known as calixarenes59a,59b have received much interest as 
basic molecular platforms for the construction of desired molecular architectures due to 
its flexible structural property.61 The chemistry of calixarenes is well developed and 
their unique topology offers a wide range of scaffolds enabling them to encapsulate 
many different metal ions.62 On the other hand, pyrenes (Py), as fluorogenic units, are 
one of the most useful tools due to their relatively efficient excimer formation and 
emission.63 Therefore, in this connections, the focus is upon derivatives of the four 
conformational isomers, cone, partial-cone, 1,2- alternate, and 1,3-alternate, of 
calix[4]arene in particular, which mainly developed by Kim et al and the others research 
groups by using pyrenes as fluorescent phores. 
(1) photoinduced electron transfer (PE T)-based Calixarene fluorescent sensors. 
   In the simplest cases, emission of a photon, fluorescence, follows HOMO to LUMO 
excitation of an electron in a molecule. Where this emission is efficient, the molecule 
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may be termed a fluorophore. Vibrational deactivation of the excited state prior to 
HPLVVLRQ XVXDOO\ JLYHV ULVH WR D ³6WRNHV VKLIW´ LQ WKDW WKH ZDYHOHQJWK RI WKH HPLWWHG
radiation is less than that of the exciting radiation.64 Various other interactions may also 
modify the emission process, and these are of considerable importance in regard to 
analytical applications of fluorescence. Thus, when a lone electron pair is located in an 
orbital of the fluorophore itself or an adjacent molecule and the energy of this orbital 
lies between those of the HOMO and LUMO, efficient electron transfer of one electron 
of the pair to the hole in the HOMO created by light absorption may occur, followed by 
transfer of the initially excited electron to the lone pair orbital. Such PET provides a 
mechanism for nonradiative deactivation of the excited state, leading to a decrease in 
HPLVVLRQ LQWHQVLW\ RU ³TXHQFKLQJ´ of the fluorescence. The PET-based fluorescent 
changes of calixarenes using pyrenes as fluorophores have been widely studied by Kim 
et al in recent years. For example, the luminescence of 165 (Figure 2. 11) was reported to 
be partially quenched by PET from the azacrown ring to the pyrenyl unit. On 
complexation with K+, Rb+, Cu2+, and Pb2+ in ethanol, the fluorescence of 1 is 
considerably enhanced by a CHEF effect due to the coordination of the lone pair on N 
by the metal ions inhibiting PET. Binding of Cu2+ or Pb2+ leads to a maximum 50-fold 
intensity enhancement, whereas Rb+ and K+ cause 12- and 10-fold enhancements, 
respectively. The CHEF effects of Ag+ and Co2+ are rather small, and that of Na+ is 
negligible. In contrast, calixarene 2 (Figure 2.11) bearing a crown ether and an 
azacrown ether as two binding sites displays similar CHEF effects for Ag+, Co2+, Cu2+, 
and Pb2+. Unlike 1, 2 does not show any CHEF upon addition of K+ and Rb+. This is 
attributed to preferential binding of the alkali-metal ions to the crown ring and the other 
metal ions to the azacrown unit, only the latter resulting in a significant inhibition of 
PET. The replacement of the crown-5 ether in 2 by the crown-6 ether, which is a 
suitable cavity for Cs+, leads to 3 (Figure 2.11). Again, complexation of Ag+ in the 
azacrown unit causes an enhancement in fluorescence emission due to the CHEF effect, 
and now addition of Cs+ to 3Ag+ in ethanol ejects Ag+, causing fluorescence quenching, 
but addition of K+ does not. This can be explained as due to the preferential binding of 
Cs+ over K+ by the calixcrown-6 site. 
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F igure 2.11 Chemical structures of pyrene-armed calix[4]azacrown fluorescent ionophores 
 
(2) Excimer-based Calixarene sensors: 
   Where aromatic rings are involved in weak interactions (such as S-stacking) which 
bring them within van der Waals contact distances, electronic excitation of one ring can 
cause an enhanced interaction with its neighbor, leading to what is termed an 
excited-VWDWHGLPHURU³H[FLPHU´66 In other words, an excimer is a complex formed by 
the interaction of an excited fluorophore with another fluorophore in its ground state. 
Excimer emission typically provides a broad fluorescence band without vibrational 
structure, with the maximum shifted, in the case of most aromatic molecules, by about 
6000 cm-1 to lower energies compared to that of WKH XQFRPSOH[HG ³PRQRPHU´) 
fluorophore emission. An excimer may also form from an excited monomer if the 
interaction develops within the lifetime of the latter. Thus, it is expected that excimers 
are more likely to be produced by relatively long-lived monomer excited states. Rates of 
fluorophore diffusion, especially in viscous solvents, are therefore another limit on 
excimer formation. Importantly, the separation and relative orientation of multiple 
fluorophore units attached to ligands can be controlled by metal ion coordination, so 
that recognition of a cation can be monitored by the monomer : excimer fluorescence 
intensity ratio.67 On the other hand, host molecules with more than one pyrenyl group 
exhibit intramolecular excimer emission by two different mechanisms. One results from 
S-S stacking of the pyrene rings in the free state, which results in a characteristic 
decrease of the excimer emission intensity and a concomitant increase of monomer 
emission intensity.68 The other mechanism is due to the interaction of an excited pyrene 
(Py*) unit with a ground state pyrene (Py) unit.69 Compared with that of PET-based 
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Calixarene fluorescent sensors, there are more number of calixarene-based fluorescent 
chemosensors have been developed by Kim et al70 and others groups. The structures of 
examples of excimer-based calixarene sensors using pyrenes are listed in Figure 2.12. 
 
 
 
F igure 2.12 Chemical structures of excimer-based calixarene fluorescent ionophores 
 
(3) PC T-based Calixarene fluorescent sensors71 
   Electronic excitation necessarily involves some degree of charge transfer, but in 
fluorophores containing both electron-withdrawing and electron-donating substituents, 
this charge transfer may occur over long distances and be associated with major dipole 
moment changes, making the process particularly sensitive to the microenvironment of 
the fluorophore. Thus, it can be expected that cations or anions in close interaction with 
the donor or the acceptor moiety will change the photophysical properties of the 
fluorophore. Upon, for example, cation complexation of an electron donor group within 
a fluorophore, the electron-donating character of the donor group will be reduced. The 
resulting reduction of conjugation causes a blue shift of the absorption spectrum 
together with a decrease of the molar absorptivity. In contrast, metal ion binding to the 
acceptor group enhances its electron-withdrawing character, and the absorption 
spectrum is thus red-shifted with an increase in molar absorptivity. The fluorescence 
spectra should be shifted in the same direction as the absorption spectra, and in addition 
to these shifts, changes in the quantum yields and lifetimes can be observed. All these 
photophysical effects are obviously dependent on the charge and the size of the cation, 
and therefore, some selectivity is expected. The structures of representative PCT-based 
calixarene fluorescent sensors are showed in Figure 2. 13. 
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F igure 2.13 Chemical structures of PCT-based calixarene fluorescent ionophores 
 
(4) F R E T-based Calixarene fluorescent sensors72 
  FRET arises from an interaction between a pair of dissimilar fluorophores in which 
one acts as a donor of excited-state energy to the other (acceptor). This returns the donor 
to its electronic ground state, and emission may then occur from the acceptor center. 
FRET is influenced by three factors: the distance between the donor and the acceptor, 
the extent of spectral overlap between the donor emission and acceptor absorption 
spectrum, and the relative orientation of the donor emission dipole moment and 
acceptor absorption moment. The structures of representative FRET-based calixarene 
fluorescent sensors are showed in Figure 2. 14. 
 
 
F igure 2.14 Chemical structures of FRET-based calixarene fluorescent ionophores 
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2.3.2 Pyrene-based fluorescent light-emitting mater ials 
Recently, PAHs (e.g. naphthalene, anthracene, perylene, fluorene, carbazole, etc.) 
and their derivatives have been attracted much attention as R G B emitters in organic 
light-emitting devices (OLEDs) for their promising fluorescent properties.73-77 In 
particular, these compounds have a strong S-electron delocalization character and they 
can be substituted with a range of functional groups, which could be used for OLEDs 
materials with a tunable wavelength. On the other hand, Pyrene has strong UV-Vis 
absorption spectra between 310 and 340 nm and emission spectra between 360 and 380 
nm,78 especially its expanded S-electron delocalization, high thermal stability, electron 
accepted nature as well as good performance in solution. From its excellent properties, 
it seems that pyrene is suitable for development of emitters in OLED application, 
however, the use of pyrene molecule is limited, because pyrene molecules easily formed 
S-aggregates/excimers and the formation of S-aggregates/excimers leads to an 
additional emission band in long wavelength and a decrease in electroluminescence. 
More recently, this problem now is mainly solved by both introducing long or big 
branched side chains into pyrene molecules and co-polymerization with a suitable bulky 
co-monomer. Very recently, it was reported that pyrene derivatives are useful for 
hole-transporting materials79 and host blue-emitting material80 in OLEDs. To date, 
several pyrene-based emitting materials have been disclosed in recent literatures, which 
can be roughly categorized into three types of materials: (1) Functionalized 
pyrene-based Light-emitting monomers; (2) Functionalized pyrene-based Light-emitting 
dendrimers; and (3) Functionalized pyrene-based Light-emitting oligomers and 
polymers.  
2.3.2.1 Pyrene-based L ight-emitting monomers 
 In those compounds, pyrene was used as a conjugation center core substituted by 
some functionalized groups or introduced into others PAHs ring as functionalized 
substituents, because of its extensive S-electron delocalization and electron accepted 
nature. In recent papers the absorption and fluorescence-emission properties of the 
1,3,6,8-tetraethynylpyrenes and its derivatives have been reported,81 and monomers of 
1-mono-, 1,6-bis-, 1,8-bis-, 1,3,6-tri-, and 1,3,6,8-tetrakis-alkynylpyrene derivatives 
have also been reported.82 These monomers exhibits gradual increased enhancement in 
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electrogenerated chemiluminescence (E C L) and radical stability as the number of donor 
groups. 1,3,6,8-tetraphenylpyrene derivatives as fluorescent liquid-crystalline columns83 
or efficient blue emitters in organic light emitting diodes (OLEDs)84 or organic 
semiconductors for field effect transistors (O F E Ts)85 have been reported. On the other 
hand, the photophysical properties of several pyrenyl-substituted fluorene derivatives86 
and dipyrenylbenzenes,87 and their application as exceedingly efficient blue emitters for 
organic light emitting diodes (OLEDs) have also been reported. The chemical structures 
of above mentioned pyrene-based light emitting monomers are listed in Figure 2.15. 
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Figure 2.15 Chemical structures of Pyrene-based Light emitting monomers.81-87 
 
2.3.2.2 Pyrene-based L ight-emitting dendrimers. 
   Substitution in the pyrene core at the most centers (1-,3-,6-,and 8-positions) 
exclusively by the dendrons can lead to interesting dendritic architectures with a 
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well-defined number of chromophores in a confined volumn. Thus, pyrene is a 
fascinating core in fluorescent S-conjugated dendrimers. In recent papers, several 
pyrene-based dendrimers have been reported. For example, Klaus Mullen and 
co-workers89 prepared a series of encapsulation in a rigid polyphenylene shell using 
pyrene as chromophore and electrophore. These dendrimers combine high quantum 
efficiency, good solubility, and improved film-forming properties, which make them 
possible candidates for several application in electronic devices. Very recently, Klaus 
Mullen research group reported two new type of dendrimers, polypyrene dendrimers90 
(first-generation dendrimer (Py(5) and second-generation dendrimer Py(17)). The other 
pyrene-based fluorescent conjugated dendrimers with fluorinated terminal groups was 
recently reported by Y. Yang and co-workers.91 
 
Figure 2.16 Chemical Structures of Several pyrene-based dendrimers 
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2.3.2.3 Pyrene-based L ight-emitting oligomers and polymers. 
   Conjugated polymers such as polyphenylenevinylene (PPV) and its derivatives are 
known as visible light emitters and have been widely used in the fabrication of 
light-emitting devices.92 To date, many S-conjugated oligomers and polymers 
possessing benzene, naphthalene, thiophene, and porphyrin as a conventional core. 
Although pyrene is a fascinating core in fluorescent S-conjugated dendrimers, the use of 
pyrene as central core for the formation of oligomers or polymers is race. Recently, 
some pyrene-based conjugated oligomers and polymers have been reported. For 
instance, crystalline oligopyrene nanowires exhibiting multicolored emission93 and 
highly emissive S-conjugated alkynylpyrene oligomers94 have been developed by G. Shi 
and M. Inouye groups, respectively. Polymers of 1-ethynylpyrene,95 
1-trimethylsilylethynylpyrene,95 and organosilanylene-diethynylpyrene96 have also been 
reported. These polymers exhibit high thermal stability and absorb and emit in the 
visible region. 
n
A93 B94
ORRO
ORRO
H
H
n
C C
C C Si
R
R X
n
C95 D96
R
n
R
n
R = H
      SiMe3
 
 
F igure 2.17 Chemical Structures of Several pyrene-based oligomers and polymers. 
 
2. 4 Blue emitting mater ials and my research purpose 
For full-color OLED display applications, it is essential to deliver a set of primary 
RGB emitters with sufficiently high luminous efficiency, properly balanced color 
chromaticity, as well as sufficient operational stability. Such a set of emitters has been 
amply demonstrated by using a guest-host doped emitting system which encompasses a 
single or co-host matrix dispersed with various highly fluorescent or phosphorescent 
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guest dopants leading to electroluminescence (E L) with the desirable hues.97 In today' 
OLEDs, to achieve high efficiency and color saturation for the red and green emitters is 
no longer a major problem. Unfortunately, the same could not be said for the state of the 
art of the blue emitter, which remains to be the weakest link in the development of RGB 
emitting materials. For blue organic light-emitting devices (B-OLEDS), it is hard to find 
an appropriate blue emitting materials higher energy gap between highest occupied 
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LOMO) is needed 
for blue luminescence. Among the studies that have been developed for blue emitting 
materials, the Idemitsu¶s productsdisstyrylarylene derivatives (Figure 2.18) appeared 
to be the best ones. The data showed that disstyrylarylene host DPVBi 
(4,4c-bis(2,2-diphenyl-ethen-1-yl)-diphenyl) and disstyrylarylene dopant BCzVBi (4,4c- 
(bis(9-ethyl-3-carbazovinylene)-1,1c-biphenyl) exhibits the highest luminous efficiency 
and external quantum efficiency among the blue materials that have been reported in the 
literature so far. However, recent research disclosed that the DPVBi could not have been 
a good blue host material due to its relative quantum efficiency in toluene of only about 
38%, which is too low for efficiency Forster energy transfer. In the past decade, many 
great progresses have been achieved in device fabrication techniques and materials 
development. However, further improvements in both the efficiency and brightness for 
blue OLEDs are still necessary. 
Very recently, Pyrene derivatives have been developed to blue light-mitting materials 
for organic light-emitting devices due to its excellent properties: a) extensive 
S-conjugated system; (b) Excellent electron-acceptor nature; (c) high thermal stability; 
(d) good performance in solution. Since the Indemitsu blue materials is not an ideal 
material for OLEDs due to its low luminous efficiency, color saturation, as well as its 
operational stability. In contract, pyrene has many excellent properties for developing 
blue fluorescent materials for OLEDs. Therefore, attempts in current research purpose 
are focus on changing the conjugated center from bi-phenyl to pyrene core in Idemitsu 
Blue system, and then introducing various kinds of chromophores into pyrene 
molecules at suitable positions by using several coupling reaction (e.g. Suzuki coupling 
reaction, Sonogashira coupling reaction, Buchwald-Hartwig amination, etc.,). All these 
developed materials are expected to use as novel emitters for OLEDs application.  
Jian-yong Hu                               Saga University, Japan 
- 36 - 
 
 The chemical structures of synthesized compounds were carefully determined on 
basis of their 1H NMR, 13C NMR, IR, Mass spectroscopy, Element analysis, as well as 
Single-crystal X-ray analysis. Meanwhile, photophysical properties for each type of 
compounds such as UV-vis absorption spectra and fluorescent-emission spectra were 
fully presented in this thesis. 
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F igure 2.18 Current Research Purpose 
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Chapter 3 
 
  Synthesis, Structure and Spectral Properties of 
2,7-Di-tert-butyl-4-mono-(arylethynyl)-, 4,9-bis-(arylethynyl)-, 
and 4,10-bis-(4-methoxyphenylethynyl)Pyrenes* 
 
 
¾ Abstract 
Three kinds of new pyrene-based blue fluorescent monomers consisting of arylethynyl- 
substituted segments have been designed and synthesized. Consequently, the 
formylation of 2,7-Di-tert-butyl-pyrene selectively afforded 4-mono-formylated product, 
or a mixture of 4,9-di- and 4,10-diformylated products depending on Lewis acid 
catalysts used. Wittig reaction of these formylated pyrenes products with 
arylmethylphosphonium ylides in the presence of n-BuLi to afford 4-mono-, 4,9-bis-, 
and 4,10-bis-(phenylethenyl)pyrenes,  from which the corresponding arylethynyl- 
substituted pyrenes were obtained by bromination and dehydrobromination. The 
structures of these new compounds were determined on the basis of their elemental 
analyses and spectral data. Furthermore, studies on the electronic UV-Vis absorption 
and fluorescence emission properties for these novel pyrene derivatives are fully 
presented by using UV-vis absorption and photoluminescence spectroscopy techniques. 
 
 
 
*Parts of this work have been published: a) Jian-yong Hu, Arjun Paudel, and Takehiko 
Yamato*, J. Chem. Res., 109, 2009; b) Arjun Paudel, Jian-yong Hu, and Takehiko 
Yamato*, J. Chem. Res., 457, 2008.
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¾ 3.1 Introduction 
The fluorescence properties of pyrene molecule are well known that make it useful 
as a popular fluorescent probe. Pyrene and its derivatives have been widely used as 
fluorescent probes in many applications. For example, pyrene-labeled oligonucleotides 
have been used as probes to study DNA hybridization,1 and pyrene-labeled lipids have 
been applied to study the depth-dependent quenching of fluorescence in lipid bilayers.2 
Recently, the synthesis of a pyrene-based fluorescent dendrimer has been reported 
wherein the core unit is a 1,3,6,8-tetrasubstituted pyrene and the peripheral units 
contain mono-substituted pyrene units.3-5 In spite of its wide use there are two major 
drawbacks in using pyrene as a fluorescence probe. The absorption and emission 
wavelengths of pyrene monomer are confined to the UV region and pyrene forms an 
excimer above concentration of 0.1 mM. Furthermore, molecular systems that are light 
emitters in the visible region are potentially useful in the fabrication of organic light 
emitting devices (OLED).6 Thus, it is desirable to design molecules that have emission 
in the visible region. The most common method to bathochromically shift the 
absorption and emission characteristics of a fluorophore is to extend the S-conjugation 
by introducing unsaturated functional groups into the core of the fluorophore. 
One such group is the acetylenic group. In a recent paper the absorption and 
fluorescence emission properties of the dimmer of 1-ethynylpyrene, namely 
1,4-bis(1-pyrene)butadiyne, have been reported7 and polymers of 1-ethynylpyrene and 
1-trimethylsilylethynylpyrene have been also reported8 These polymers exhibit high 
thermal stability and absorb and emit in the visible region. The chemical structures of 
several alkynyl-conjugated pyrene derivatives that published in recent literatures are 
summarized in Figure 3.1.5,9-11 Thus, there is substantial interest in investigating the 
synthesis of arylethynyl substituted pyrenes, and several of its derivatives bearing both 
hydrophilic and hydrophobic substituents and studies on the electronic absorption and 
fluorescence emission properties of these molecules.  
Previously, I have reported the TiCl4-catalysed formylation of 2,7-di-tert-butyl- 
pyrene with dichloromethyl methyl ether using the tert-butyl group as a positional 
protective group to afford only 4-mono-formylated product, 2,7-di-tert-butyl-pyrene 
-4-carbaldehyde in excellent yield.12-14 In recent studies, I have succeeded to introduce 
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two formyl groups at 4,9- and 4,10-positions respectively and these two formylated 
compounds would afforded a convenient starting material for the preparation of the 
corresponding arylethynyl-substituted pyrenes by the Wittig reaction with 
arylmethylphosphonium ylides that followed by bromination and dehydrobromination.  
 
R R
RR
R = SiMe3, 
       C(Me)2O H ,
       C H2O H , 
       C6H5,etc.
(Me)3C C(Me)3
C(Me)3(Me)3C
CHO
CHO
OHC
CHO
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OHCCHO
CHO
H
H
RO OR
RO OR
n
R4R3
R1 R2 N
A
1: R1 = A , R2 = R3 = R4 = H
2: R1 = R3 = A , R2 = R4 = H
3: R1 = R4 = A , R2 = R3 = H
4: R1 = R2 = R3 = A , R4 = H
5: R1 = R2 = R3 = R4 = A
[A]5 [B]9
[C]10 [D]11  
. 
F igure 3.1 Chemical structures of several alkynyl-linked pyrene derivatives (A-D) that reported 
in recent literatures 
    
   In this chapter, the synthesis, structure and spectral properties of several 
arylethynyl-substituted pyrenes, namely, 4-mono-, 4,9-bis- and 4,10-bis(arylethynyl)- 
pyrenes will be fully presented. (Figure 3.2) 
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R
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4
4
9
410
a
a
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F igure 3.2 Synthesis of arylethynyl-substituted pyrene derivatives 
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¾ 3.2 Results and Discussion 
The Formylation of 2,7-di-tert-butylpyrene 1 with dichloromethyl methyl ether was 
carried out under the various conditions. Thus, formylation of 1 with dichloromethyl 
methyl ether at room temperature for 3 h in the presence of titanium tetrachloride 
occurred only selectively at 4-position to afford the corresponding 4-mono-formyl 
derivative 2 in 93% yield. Prolong the reaction time to 12 h, reaction led to the increase 
of the yield of 2 to 97%. The different regio-selectivity was observed in the formylation 
of 1 with dichloromethyl methyl ether (4.0 equiv.) in the presence of AlCl3 for 3 h 
occurred selectively at 4- and 9- or 10-position to afford a mixture of the corresponding 
di-formylated products 3 and 4 in 35% yield, in which ratio is determined as 74:26 by 
1H NMR spectrum, along with 4-formyl derivative 2 in 65% yield. Interestingly, the 
formylation of 1 with large excess (8.0 equiv.) of dichloromethyl methyl ether in 
methylene dichloride solution in the presence of AlCl3 for 12 h increased the yields of 
the diformylated derivatives 3 and 4 to 97% in the ratio of 73:24 (
1
H NMR) along with 
2 in 3% yield (see Scheme 3.1 and Table 3.1). Fractional recrystallization from 
methanol and hexane furnished the complete separation to give pure 3 in 65% yields. 
However, several attempts to isolate 4 in pure failed.  
The structures of 3 and 4 were assigned by spectral data and elemental analysis. 
Thus, 1H-NMR spectral data (300 MHz, CDCl3) of 3 shows a set of doublets with the 
meta-coupling constant (J = 1.8 Hz) at G 8.44 (H1,6) and 9.93 (H3,8) ppm as well as a 
singlet at G 8.61 ppm, which is assigned to the protons of positions 5,10- on pyrene ring, 
respectively. On the other hand, 1H-NMR spectral data (300 MHz, CDCl3) of 4 shows 
three singlets (relative intensity 1:1:1) at G 8.51 (H6,8), 8.57 (H1,3) and 9.82 (H5,9) ppm 
and two singlets (relative intensity 1:1) at G 1.62 and 1.64 for tert-butyl protons (see 
Figure 3.2). These data strongly support the assignment of structure of 2,7-di- 
tert-butyl-4,9- diformyl-pyrene 3 and 2,7-di-tert-butyl-4,10-diformylpyrene 4. These 
results also strongly suggests the tert-butyl group on the pyrene ring protect the 
electrophilic attack at the 1,3,6,8-positions permitting the electrophilic attack at the 4,9- 
and 4,10-positions.12-14, 15±18 Therefore, the formylation of 1 selectively afforded 
4-mono-, and 4,9- and 4,10-di-substitution products depending on Lewis acid catalysts 
used.  
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Scheme 3.1 Synthetic routes to 4-mono-, 4,9-di-, and 4,10-di-formylated pyrenes 
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F igure 3.3 1H NMR spectra of aromatic region of 4,9-, and 4,10-di-formylated compounds 3 
and 4 in CDCl3 at room temperature 
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Table 3.1 Formylation of 2,7-di-tert-butylpyrene (1) with Cl2CHOMe.a 
 
1
2
3
4
Product  Yields  (%)bReaction
time  (h)Run
  3
12
3
12
Lewis  acids
TiCl4
TiCl4
AlCl3  
AlCl3
  0
  0
  26
73
[84]
[87]
93
97
65
3
2 3
c
[65]
c
  0
  0
  9
24
4
 
 
a Yields are determined by G. L. C . analyses. b Isolated yields are shown in square 
parentheses. c The starting compound 1 was recovered in 7 and 3% yields, respectively. 
 
The reaction of 2 and the 4-methoxytriphenylphosphonium chloride 5b with 
n-butyllithium in THF gave the desired 2,7-di-tert-butyl-4-mono-(4-methoxyphenyl- 
ethenyl)pyrene 6b in 85% yield, whose E/Z ratio was 80:20 in 85% yield. The E/Z ratio 
of the product was determined by its 1H NMR spectrum. The E isomer was isolated 
pure by silica gel column chromatography and recrystallization from hexane. But 
attempted isolation of Z-isomer pure failed. Similarly, (E)-2,7-di-tert-butyl-4-phenyl- 
ethenylpyrene 6a was prepared in 70% yield (Scheme 3. 2). 
The structures of products (E)-6b and (Z)-6b were determined on the basis of their 
elemental analyses and spectral data. 1H NMR signals of the olefinic protons for 
E-olefins should be observed at lower magnetic field (G > 7.4 ppm) than that of 
Z-olefins (G < 6.9 ppm),19 and 1H NMR spectrum of (E)-6b in CDCl3 shows s singlet at 
G 3.88 for methoxy protons, a pair of doublets (J 15.9 Hz) at G 7.35, 7.91 ppm for 
olefinic protons, and a pair of doublets (J 8.4 Hz) at G 6.99, 7.63 ppm for aromatic 
protons. The structure of the (Z)-isomer (Z)-6b is also readily assigned from the smaller 
coupling constant (J 8.8 Hz) than that of (E)-6b (J 15.9 Hz) at G 7.14, 7.43 ppm for 
olefinic protons. Furthermore, the methoxy protons and the aromatic protons are 
observed much higher field (G 3.62 ppm and G 6.52, 6.85 ppm) than that of (E)-6b (G 
3.88 ppm and G 7.35, 7.91 ppm) due to the ring current of the pyrene ring. Also one of 
the tert-butyl protons of (Z)-6b was observed at higher field, G 1.46 ppm due to the 
shielding effect of the aromatic ring. These data strongly support that the structure of 
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(E)-6b is the (E)-configuration, and the structure of (Z)-6b is the (Z)-configuration both 
having syn-conformation (Figure 3.3) 
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Scheme 3.2 Synthetic route to 4-mono-(arylphenylethynyl)pyrenes (8). 
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F igure 3.4 1H NMR spectra of compounds (E)-6a and (E ,E)-6b in CDCl3 at R. T. 
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On the other hand, the reaction of 3 and the benzyltriphenylphosphonium chloride 
5a with n-butyl-lithium in THF gave the desired (E ,E)-2,7-di-tert-butyl-4,9-bis- 
(phenylethenyl)pyrene (E ,E)-9a in 78% yield as major product, while other possible 
isomers were not observed. The E ,E-isomer (E ,E)-9a was isolated pure by silica gel 
column chromatography and recrystallization from hexane. Similarly, (E ,E)-2,7- 
di-tert-butyl-4,9-bis(4-methoxyphenylethenyl)pyrene (E ,E)-9b was prepared in 82% 
yield (Scheme 3. 3). 
Similarly, the structures of products (E ,E)-9a and (E ,E)-9b were also determined on 
the basis of their elemental analyses and spectral data. For example, 
1
H NMR spectrum 
of (E ,E)-9b in CDCl3 shows a singlet at G 3.89 ppm for methoxy protons, a pair of 
doublets (J = 15.6 Hz) at G 7.34, 7.92 ppm for olefinic protons, and a pair of doublets (J 
= 8.7 Hz) at G 7.01, 7.65 ppm for aromatic protons. These data strongly support that the 
structure of (E ,E)-6b is the (E ,E)-configuration (Figure 3.4). 
 
 
 
4
OMe
MeO
9
4
9
F igure 3.5 1H NMR spectra of compounds (E)-9a and (E ,E)-9b in CDCl3 at room temperature. 
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Scheme 3.3 Synthetic route to 4,9-bis(arylphenylethynyl)pyrenes (11). 
 
Attempted bromination of (E)-6b with 1.1 equimolar amounts of benzyl-trimethyl- 
ammonium tribromide (BTMA Br3), which was recently found to be a convenient solid 
brominating agent,20 carried out in a dichloromethane solution at room temperature for 
5 min. led to the expected cis- and trans-adduct 7b to the double bond in the ratio of 
20:80 in 96% yield (Scheme 3.2). The same result was obtained in the treatment of 
(E)-6a with BTMA Br3 under the same conditions described above.  
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Scheme 3.4 Synthetic route to 4,10-bis(4-methoxyphenylethynyl)pyrenes (14). 
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When the bromine adduct 7b treated with potassium tert-butoxide in refluxing 
HOBut at 80°C for 6 h, the Di-dehydrobromination product 2,7- di-tert-butyl- 
4-mono-(4-methoxyphenylethynyl)pyrene 8b was obtained in 83% yield. Similar results 
were obtained in the case of (E)-6a and (E ,E)-9, and the corresponding 
dehydrobromination products, 2,7-di-tert-butyl-4-mono-phenylethynyl-pyrene 8a, 2,7- 
di-tert-butyl-4,9-bis-(phenylethynyl)pyrenes 11, were obtained in 82%, 86% and 87%  
yields, respectively. Although several attempted isolation of 4,10-diformyl compound 4 
in pure failed, The Wittig reaction of a mixture of 4 and 3 (1 :1) with 
(4-methoxybenzyl)triphenylphosphonium chloride 5b in the presence of n-butyllithium 
in THF to afford a mixture of the desired (E ,E)-2,7-di-tert-butyl-4,10-(4-methoxy- 
phenylethenyl)pyrene (E ,E)-12 and 4,9-isomer (E ,E)-9b in 85% yield. Fortunately, the 
isolation of (E ,E)-12 in pure by carefully column chromatography with ethyl acetate as 
an eluent was succeeded. Similarly, I have succeeded to converted (E ,E)-12 to 
2,7-di-tert-butyl-4,10-bis(4-methoxyphenylethynyl)pyrene 14 by the bromination and 
dehydrobromination. 
 
4
9
MeO
OMe
4
OMeMeO
10
11b 14A
B
 
 
 
F igure 3. 6 1H NMR spectra of compounds 11b (A) and 14 (B) in CDCl3 at room 
temperature 
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The structures of 8, 11 and 14 were determined on the basis of their elemental 
analyses and spectral data. Thus, IR spectra (KBr) of 11b show carbon-carbon triple 
bond stretching vibration around 2197 cm-1. The similar absorption was observed in 11a 
(2195 cm-1) and 14 (2198 cm-1). 1H-NMR spectral data (300 MHz, CDCl3) of 11b 
shows a set of doublets with the meta-coupling constant (J = 1.8 Hz) at G 8.21 (H1,6) and 
8.81 (H3,8) ppm as well as a singlet at G 8.35 ppm, which is assigned to the protons of 
positions 5,10 on pyrene ring, respectively. On the other hand, 
1
H-NMR spectral data 
(300 MHz, CDCl3) of 14 shows three singlets (relative intensity 1:1:1) at G 8.17 (H6,8), 
8.33 (H1,3) and 8.87 (H5,9) ppm and two singlets (relative intensity 1:1) at G 1.62 and 
1.64 for tert-butyl protons (Figure 3. 5). These data strongly support the assignment of 
structure of 2,7-di-tert-butyl-4,9-bis(4-methoxyphenylethynyl)pyrenes (11b) and 
2,7-di-tert-butyl- 4,10-bis(4-methoxyphenylethynyl)pyrenes (14). 
Interestingly, a deshielded methoxy proton was observed in the NMR spectrum of 
11b at G 3.89 ppm, which is in a strongly shielding region due to the S-electrons of 
triple bond. While the chemical shifts of the 
1
H and 
13
C NMR signals arising from both 
pyrene ring and benzene rings of 11b are comparable to those of 1,3,6,8,-tetra- 
(phenylethynyl)-substituted pyrenes.5, 9, 10 For example, The signals of the acetylenic 
carbons are observed at considerably lower field (G 94.5, 86.8 for 11b) than that of 
1,3,6,8-tetra-(2,6-di-aldehyde-4-tert-butyl-phenylethynyl)-pyrene (G 99.5, 88.5);10 this 
reflects the appreciable strain in the triple bonds due to bending. Similar results are also 
observed in 11a (G 94.4, 88.0) and 14 (G 94.3, 86.7). 
 
Consequently, a series of substituted (phenylethenyl)pyrene derivatives 8, 11 and 14 
have been succeeded to prepare. The electronic absorption and fluorescence-emission 
data for these compounds are summarized in Table 3. 2. The UV-Vis absorption spectra 
of (phenylethenyl)pyrene derivatives 8a/b, 11a/b and 14 in CH2Cl2 along with that of 
2,7-di-tert-butylpyrene (1) are shown in Figure 3. 6. The spectra were recorded in 
CH2Cl2 in the range of 1 u 10±5 M concentration at room temperature. For these 
(phenylethenyl)pyrene derivatives 8a/b, 11a/b and 14, the spectra are almost identical 
and three absorption bands were observed in the range of 300-400 nm. The longest 
wavelength S-S* bands of (phenylethenyl)pyrene derivatives are bathochromically 
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shifted by 35 ± 40 nm in comparison with that of 2,7-di-tert-butyl-pyrene (1) due to the 
introduction of the phenylethynyl groups. On the other hand, the increased 
bathochromic shift of 8b and 11b (e.g. 3-4 nm) in comparison with that of 8a and 11a 
were observed which are ascribed to the increased S-electron density on the benzene 
ring arising from methoxy group introduced. Interestingly, much larger molar 
absorptivity was observed in 4,10-bis-(phenylethenyl)pyrene derivative 14 in 
comparison with that in 4,10-bis(phenylethenyl)pyrene derivative 8 and 11. This finding 
indicates the higher exciton coupling between two 4-methoxyphenylethynyl at 4-, and 
10-positions than that of 4,9-positions.21±23 
 
 
F igure 3.7 UV-Vis absorption spectra of compounds 8, 11 and 14 in dichloromethane at 1 
u 10-5 M concentration at 25 oC , compared with that of compound 1 
 
Upon excitation, the emission spectra of bis(phenylethenyl)pyrene derivatives 8, 11 
and 14 in CH2Cl2 are almost identical and three absorption bands were observed in the 
range of 390 ± 500 nm. The slightly different shape in the emission spectra of 8, 11 and 
14 in comparison with that of 1 are ascribed to the expanded conjugation of S-electron 
system by the introduction of phenylethenyl groups at the 4-, 4,9- and 4,10-positions. 
Interestingly, the increased bathochromic shift of 8b and 11b (e.g. 3 nm) in comparison 
with that of 8a and 11a were observed which is in agreement with that of UV-Vis 
absorption spectra (Figure 3.7). 
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F igure 3.8 Emission spectra of compounds 8, 11 and 14 in dichloromethane at ~ u 10-6 M 
concentration 25 oC , compared with that of compound (1) 
 
Table 3. 2 Electronic absorption, fluorescence emission of 1, 8a/b, 11a/b, and 14.a 
Compound Structure                 Absorption                  Fluo. Emission    stokes-shift          P. L.Q.Y. [c]
Omax [nm]                     Omax [nm][b] [nm]
339, 324 (sh), 311
364, 350 (sh), 309
368, 352 (sh), 315
376, 359 (sh), 301
378, 362 (sh), 307
372, 352 (sh), 340
O Me
MeO
O MeMeO
O Me
1
8a
8b
11a
11b
14
0.12
0.31
0.38
0.82
0.83
0.68
39
25
22
20
20
29
397, 324 (sh), 378
409, 399 (sh), 389
410, 391 (sh), 390
418, 407 (sh), 396
420, 409 (sh), 398
424, 410 (sh), 401
a Spectra were measured for ~ u 10-5-10 -6 M solutions in CH2Cl2. b wavelength of excitation .c 
f luorescence quantum yields were determined at 1.0 u 10-6 M at room temperature by absolute methods 
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¾ 3.3 Conclusions 
In summary, the formylation of 2,7-di-tert-butylpyrene with dichloromethyl methyl 
ether in the presense of TiCl4 or AlCl3 successfully afforded 4-mono-fomylated or a 
mixture of 2,7-di-tert-butyl-4,9-diformyl- and 4,10-diformylpyrene in the ratio of 75:25, 
from which the corresponding arylethynyl-pyrenes were obtained by the Wittig reaction 
with arylmethylphosphonium ylides followed by bromination and dehydrobromination. 
Studies on the electronic absorption and fluorescence emission properties of these 
molecules are fully examined in dilute solution. Further chemical and structural 
properties of the present novel arylethynyl-substituted pyrenes derivatives 8, 11 and 14 
are currently under study in my future works. 
 
 
¾ 3.4 Exper imental section 
All melting points are uncorrected. 1H NMR and 13C NMR spectra were recorded at 300 
MHz on a Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with Me4Si 
as an internal reference. UV-vis spectra were recorded on a Perkin Elmer Lambda 19 
UV/VIS/NIR spectrometer. Emission spectra were performed in a semimicro fluorescence cell 
(Hellma, 104F-QS, 10×4 mm, 1400PL) with a Varian Cary Eclipse spectrophotometer. Mass 
spectra were obtained on a Nippon Denshi JMS-HX110A Ultrahigh Performance Mass 
Spectrometer at 75 eV using a direct-inlet system. Elemental analyses were performed by 
Yanaco MT-5.  
 
Materials. Preparation of 2,7-di-tert-butylpyrene (1) was previously described.12,13 
 
Formylation of 2,7-di-tert-butylpyrene (1) with C l2C H O Me in the presence of T iC l4. 
To a stirred solution of 2,7-Di-tert-butyl-pyrene (5.72 g, 20.0 mmol) and dichloromethyl methyl 
ether (3.94 g, 34.4 mmol) in CH2Cl2 (200ml) was added a solution of titanium tetrachloride 
(5.0 ml, 20.0 mmol) in CH2Cl2 (100ml) at 0 0C. This mixture was stirred for 3 hrs at room 
temperature. The reaction mixture was poured into a large amount of ice-water and extracted 
with CH2Cl2 (300 ml x 2). The organic layer was washed with water (300 ml x 2), dried over 
MgSO4, and evaporated. The residue was chromatographed over silica gel (Wako, C-300; 200g) 
with a mixture of hexane : chloroform = 3 : 1 as eluent to give a yellow solid, which was 
recrystallized from hexane to afford the title compound 2 (5.24g, 84%) as yellow prisms. 
mp 268-269 oC. 
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1H-NMR (CDCl3): 1.59 (9H, s, t-Bu), 1.61 (9H, s, t-Bu), 8.01 (1H, d, J =  9.0 Hz, Ar-H9), 8.07 
(1H, d, J = 9.0Hz, Ar-H10), 8.27 (1H, d, J = 1.5 Hz, Ar-H3), 8.34 (1H, d, J =  1.8 Hz, Ar-H8), 
8.36 (1H, d, J = 1.8 Hz, Ar-H1), 8.58 (1H, s, Ar-H5), 9.73 (1H, d, J = 1.8 Hz, Ar-H6), 10.54 (1H, 
s, CHO).   
m/z: 342 (M+). Anal. Calcd. for C25H26O (342.20): C, 87.68; H, 7.65, O, 4.67. Found: C, 87.56; 
H, 7.75, O, 4.55. 
 
Formylation of 2,7-di-tert-butylpyrene (1) with C l2C H O Me in the presence of A lC l3.    
To a stirred solution of 1 (5 g, 16.0 mmol) and dichloromethyl methyl ether (18 mL) in CH2Cl2 
(150 cm3) was slowly added a solid AlCl3 (13.2 g) at 0 °C. This mixture was stirred for 12 h at 
room temperature. After reaction, the mixture was poured into a large amount of ice-water and 
extracted with CH2Cl2 (200 cm3 u 3). The organic layer was washed with water and brine, dried 
over MgSO4, and concentrated in vacuo. The crude products were determined by 1H NMR 
analysis. The spectrum data confirmed that a isomer of 4,9- and 4,10-Di- formyl-pyrene were 
obtained in the ratio of 3 : 1 in the crude products. Fractional recrystallization from methanol 
and hexane furnished the complete separation to give pure 3 in 65% (5.16 g, 65%) yields as pale 
yellow prisms. However, several attempts to isolate 4 in pure failed, mp 246±248 °C; 
Qmax(KBr)/cm-1: 2750, 2350, 1680, 1560, 1505, ; GH (CDCl3): 1.63 (18H, s, tBu), 8.44 (2H, d, 
J = 1.8 Hz, Ar-H1,6), 8.61 (2H, s, Ar-H5,10), 9.93 (2H, d, J =  1.8 Hz, Ar-H3,8), 10.52 (2H, s, 
CHO); m/z: 370 (M+). Anal. calcd. for C26H26O2 (370.48): C, 84.29; H, 7.07. Found: C, 83.37; 
H, 6.99. 
Although several attempted isolations of 4 in pure failed, we have used crude 4 for next 
Wittig reaction. 
2,7-di-tert-butylpyrene-4,10-biscarbaldehyde 4: GH (CDCl3): 1.62 (9H, s, tBu), 1.64 (9H, s, tBu), 
8.51 (2H, s, Ar-H ,6,8), 8.57 (2H, s, Ar-H1,3), 9.82 (2H, s, Ar-H5,9), 10.56 (2H, s, CHO). 
 
Typical procedure for Wittig reactions of 2,7-di-tert-butyl pyrene-4,9-bis- carbaldehyde 3.  
To a solution of benzyltriphenylphophonium chloride 5a (2.33 g, 6.0 mmol) in dry THF (15 
cm3) was added n-BuLi (1.6 M solution in hexane) (3.5 cm3, 3.0 mmol) at 0 0C under argon. 
After the solution was stirred for 10 min, the solution of 2,7-di-tert-butylpyrene- 
4,9-biscarbaldehyde 3 (370 mg, 1.0 mmol) in THF (15 cm3) was added. The reaction mixture 
was stirred at room temperature for 6 h under argon, and then it was poured into a large amount 
of ice-water and extracted with ethyl acetate (100 cm3 u 2). The extract was washed with water 
and brine, dried over anhydrous MgSO4, and concentrated under reduced pressure. The residue 
was chromatographed over silica gel (Wako C-300, 200 g) with hexane-ethyl acetate (5:1) as 
eluent to give (E ,E)-9a as light-yellow solids. Recrystallization from hexane afforded (E ,E)- 
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2,7-di-tert-butyl- 4,9-bis-(phenylethenyl)pyrene (E ,E)-9a (405 mg, 78 %) as light-yellow prisms, 
mp 302±304°C; GH (CDCl3): 1.61 (18H, s, tBu), 7.33±7.49 (6H, m, Ar-H), 7.44 (2H, d, J = 15.9 
Hz, Pyrene-CHb=CHa-Ar), 7.71 (4H, d,  J= 7.2 Hz, Ar-H), 8.06 (2H, d, J = 15.9 Hz, 
Pyrene-CHb=CHa-Ar), 8.27 (1H, d, J = 1.5 Hz, Pyrene-H3,8), 8.30 (1H, s, Pyrene-H5,10) and 8.49 
(2H, d, J = 1.5 Hz, Pyrene-H1,6) ; m/z: 518 (M+). Anal. calcd. for C40H38 (518.3): C, 92.61; H, 
7.39. Found: C, 92.12; H, 7.43. 
Similarly, (E ,E)-9b was obtained in 82 % yield.  
(E ,E)-2,7-di-tert-butyl-4,9-bis(4-methoxyphenylethenyl)pyrene (E ,E)-9b (475 mg, 82 %) was 
obtained as light-yellow prisms, mp 229±230°C; GH (CDCl3): 1.61 (18H, s, tBu), 3.89 (6H, s, 
OMe), 7.01 (4H, d, J = 8.7 Hz, Ar-H), 7.34 (2H, d, J = 15.6 Hz, Pyrene-CHb=CHa-Ar), 7.65 (4H, 
d, J = Hz, Ar-H), 7.92 (2H, d, J = 15.6 Hz, Pyrene- CHb=CHa-Ar), 8.25 (2H, d, J = 1.5 Hz, 
Pyrene-H3,8), 8.28 (2H, s, Pyrene-H5,10) and 8.47 (2H, d, J = 1.5 Hz, Pyrene-H1,6); m/z: 578 (M+). 
Anal. calcd. for C42H42O2 (578.32): C, 87.15; H, 7.32. Found: C, 87.21; H, 7.34. 
 
Wittig reactions of 2,7-di-tert-butylpyrene-4,10-biscarbaldehyde 4. 
To a solution of (4-methoxybenzyl)triphenylphosphonium chloride 5b (2.53 g, 6.0 mmol) in 
THF (15 cm3) was added n-BuLi (1.6 M solution in hexane) (3.5 cm3, 6.0 mmol) at 0 0C.  
After the solution was stirred for 10 min, the solution of a mixture of 2,7-di-tert-butyl-pyrene- 
4,10-bis-carbaldehyde 4 and 2,7-di-tert-butylpyrene-4,9-bis-carbaldehyde (1 : 1) (NMR 
analysis) (370 mg, 1.0 mmol) in THF (15 cm3) was added. The reaction mixture was stirred at 
room temperature for 6 h under argon, and then it was poured into a large amount of ice-water 
and extracted with ethyl acetate (100 cm3 u 2). The extract was washed with water and brine, 
dried over anhydrous MgSO4, and concentrated under reduced pressure. The residue was 
chromatographed over silica gel (Wako C-300, 200 g) with hexane-ethyl acetate (5:1) as eluent 
to give a mixture of (E ,E)-9 and (E ,E)-12b (478 mg, 84 %) as light-yellow solids. The carefully 
column chromatography with ethyl acetate as an eluent afforded pure (E ,E)-2,7-di-tert- 
butyl-4,10-bis(4-methoxyphenylethenyl)pyrene (E ,E)-12 (235 mg, 45%) as light-yellow prisms, 
mp 218±220°C; GH (CDCl3): 1.59 (9H, s, tBu), 1.61 (9H, s, tBu), 3.89 (6H, s, OMe), 7.00 (4H, d, 
J = 8.7 Hz, Ar-H), 7.34 (2H, d, J = 15.9 Hz, Pyrene-CHb=CHa-Ar), 7.64 (4H, d, J = 8.7 Hz, 
Ar-H), 7.92 (2H, d, J = 15.9 Hz, Pyrene-CHb=CHa-Ar), 8.19 (2H, s, Pyrene-H1,3) 8.25 (2H, s, 
Pyrene-H6,8) and 8.54 (2H, s, Pyrene-H5,9); m/z: 578 (M+). Anal. calcd. for C42H42O2 (578.32): C, 
87.15; H, 7.32. Found: C, 87.32; H, 7.42. 
 
Typical procedure for bromination of (E ,E)-9 with B T M A B r3.  
To a solution of (E ,E)-6a (387 mg, 0.75 mmol) in CH2Cl2 (40 cm
3) was added BTMA Br3 (729 
mg, 1.86 mmol) at room temperature. After the reaction mixture was stirred at room temperature 
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for 5 min., it was poured into a large amount of ice/water (100 cm3) and extracted with CH2Cl2 
(50 cm3 u 2). The combined extracts were washed with water, dried with Na2SO4 and con-
centrated. The residue was recrystallized from hexane gave 560 mg (89%) of a mixture of two 
diastereomers 10a and 10ac in the ratio of 80:20 as colorless prisms, mp 200±202°C; 
GH(CDCl3) 10a: 1.67 (18H, s, tBu), 6.01 (2H, d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 6.60 (2H, 
d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 7.42±7.47 (2H, m, Ar-H), 7.51 (4H, d, J = 7.5 Hz, Ar-H), 
7.71 (4H, d, J= 7.5 Hz, Ar-H), 8.38 (2H, s, Pyrene-H1,6), 8.52 (2H, s, Pyrene-H3,8) and 8.55 (2H, 
s, Pyrene-H5,10); 10ac: 1.67 (18H, s, tBu), 6.10 (2H, d, J = 12.0 Hz, Pyrene- CHbBr±CHaBr), 
6.34 (2H, d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 7.42±7.47 (2H, m, Ar-H), 7.53 (4H, d, J= 7.5 
Hz, Ar-H), 7.69 (4H, d, J= 7.5 Hz, Ar-H), 8.27 (2H, s, Pyrene-H1,6), 8.34 (2H, s, Pyrene-H3,8) 
and 8.38 (2H, s, Pyrene-H5,10) ); m/z: 834, 836, 838, 840, 842 (M+). Anal. calcd. for C40H38Br4 
(833.97): C, 57.56; H, 4.59. Found: C, 57.71; H, 4.53. 
  Similarly, a mixture of 10b and 10bc was obtained in 76 % yield in the ratio of 80:20 as 
colorless prisms, mp 161±163°C; GH(CDCl3) 10b: 1.66 (18H, s, tBu), 3.89 (6H, s, OMe), 6.02 
(2H, d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 6.59 (2H, d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 
7.03 (4H, d, J = 7.8 Hz, Ar-H), 7.64 (4H, d, J= 7.8 Hz, Ar-H), 8.37 (2H, s, Pyrene-H5,10), 8.51 
(2H, s, Pyrene-H3,8) and 8.54 (2H, s, Pyrene-H1,6); 10bc: 1.66 (18H, s, tBu), 3.89 (6H, s, OMe), 
6.09 (2H, d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 6.35 (2H, d, J = 11.4 Hz, Pyrene- 
CHbBr±CHaBr), 7.03 (4H, d, J = 7.8 Hz, Ar-H), 7.61 (4H, d, J= 7.8 Hz, Ar-H), 8.26 (2H, s, 
Pyrene-H5,10), 8.33 (2H, s, Pyrene-H3,8) and 8.37 (2H, s, Pyrene-H1,6); m/z: 894, 896, 898, 900, 
902 (M+). Anal.calcd. for C42H42Br4O2 (893.99): C, 56.38; H, 4.73. Found: C, 57.57; H, 4.65. 
 
Similarly, a mixture of 13 and 13c was obtained in 79 % yield in the ratio of 80:20 as colorless 
prisms, mp 150-152 °C; GH (CDCl3) 13: 1.61 (9H, s, tBu), 1.71 (9H, s, tBu), 3.89 (6H, s, OMe), 
6.01 (2H, d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 6.60 (2H, d, J= 11.4 Hz, Pyrene- 
CHbBr±CHaBr), 7.02 (4H, d, J = 8.1 Hz, Ar-H), 7.64 (4H, d, J = 8.1 Hz, Ar-H), 8.36 (2H, s, 
Pyrene-H6,8), 8.49 (2H, s, Pyrene-H1,3) and 8.57 (2H, s, Pyrene-H5,9); 13c: 1.57 (9H, s, tBu), 1.66 
(9H, s, tBu), 3.89 (6H, s, OMe), 6.10 (2H, d, J = 11.4 Hz, Pyrene-CHbBr±CHaBr), 6.38 (2H, d, J 
= 11.4 Hz, Pyrene-CHbBr±CHaBr), 7.02 (4H, d, J = 8.1 Hz, Ar-H), 7.63 (4H, d, J = 8.1 Hz, 
Ar-H), 8.24 (2H, s, Pyrene-H6,8), 8.32 (2H, s, Pyrene-H1,3) and 8.43 (2H, s, Pyrene-H5,9); m/z: 
894, 896, 898, 900, 902 (M+). Anal. calcd. for C42H42Br4O2 (898.97): C, 56.38; H, 4.73. Found: 
C, 57.57; H, 4.65. 
 
Typical procedure for dehydrobromination of 10a and 10ac with K OBut 
To a solution of a mixture of 10a and 10ac (168 mg, 0.20 mmol) in HOBut (24 cm3) was added 
KOBut (1.34 g, 10.5 mmol) at room temperature. After the reaction mixture was stirred at 80 °C 
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for 6 h, it was poured into a large amount of ice/water (50 cm3) and extracted with CH2Cl2 (50 
cm3 u 2). The combined extracts were washed with water, dried with Na2SO4 and concentrated. 
The residue was recrystallized from methanol gave 89 mg (86%) of 2,7-di-tert-butyl- 
4,9-bis(phenylethynyl)pyrene 11a as colorless prisms, mp 202-204°C; Qmax(KBr)/cm-1: 2964, 
2354, 2195, 1670, 1570, 1460, 1260, 900, 750; GH (CDCl3): 1.63 (18H, s, tBu), 7.32±7.46 (6H, 
m, Ar-H), 7.33 (2H, d, J = 7.2 Hz, Ar-H), 8.22 (2H, d, J = 1.5 Hz, Pyrene-H3,8), 8.38 (2H, s, 
Pyrene-H5,10) and 8.83 (2H, d, J = 1.5 Hz, Pyrene-H1,6); 13C NMR (CDCl3): G = 149.3, 132.2, 
131.7, 130.1, 129.8, 128.6, 123.5, 123.0, 122.3, 121.8, 120.2, 94.4, 88.0, 35.4, 31.9; m/z: 514 
(M+). Anal. calcd. for C40H38 (514.27): C, 93.34; H, 6.66. Found: C, 93.21; H, 6.53. 
 
Similarly, compounds 11b and 14 were obtained in 87% and 75% yields, respectively. 
  2,7-Di-tert-butyl-4,9-bis(4-methoxyphenylethynyl)pyrene 11b as light-yellow prisms, mp 
236±238°C; Qmax(KBr)/cm-1: 2953, 2358, 2197, 1610, 1505, 1460, 1280, 1030, 827, 730; GH 
(CDCl3): 1.62 (18H, s, tBu), 3.89 (6H, s, OMe), 6.99 (4H, d, J = 8.7 Hz, Ar-H), 7.67 (2H, d, J = 
8.7 Hz, Ar-H), 8.21 (2H, d, J = 1.5 Hz, Pyrene-H1,6), 8.35 (2H, s, Pyrene-H5,10) and 8.81 (2H, d, 
J = 1.5 Hz, Pyrene-H3,8); 13C NMR (CDCl3): G = 159.8, 149.6, 133.2, 130.9, 130.2, 122.9, 122.2, 
121.8, 120.2, 115.6, 114.3, 94.5, 86.8, 55.4, 35.4, 32.0; m/z: 574 (M+). Anal. calcd. for C42H38O2 
(574.29): C, 87.76; H, 6.67. Found: C, 87.63; H, 6.62. 
2,7-Di-tert-butyl-4,10-bis(4-methoxyphenylethynyl)pyrene 14 as light-yellow prisms, mp 224 
- 226 °C; Qmax(KBr)/cm-1: 2958, 2356, 2198, 1620, 1508, 1460, 1270, 1030, 830; GH (CDCl3): 
1.58 (9H, s, tBu), 1.68 (9H, s, tBu), 3.88 (6H, s, OMe), 6.99 (4H, d, J = 8.7 Hz, Ar-H), 7.67 (2H, 
d, J = 8.7 Hz, Ar-H), 8.17 (2H, s, Pyrene-H6,8), 8.33 (2H, s, Pyrene-H1,3) and 8.87 (2H, s, 
Pyrene-H5,9); 13C NMR (CDCl3): G = 159.8, 149.3, 149.1, 133.2, 132.5, 131.5, 130.9, 128.8, 
122.9, 121.6, 120.8, 115.7, 114.3, 94.4, 86.9, 55.4, 35.6, 35.2, 32.1, 31.9; m/z: 574 (M+). Anal. 
calcd. for C42H38O2 (574.29): C, 87.76; H, 6.67. Found: C, 87.63; H, 6.62. 
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Chapter 4 
 
Synthesis and Photophysical Properties of Pyrene-Based 
L ight-Emitting Monomers: H ighly Pure Blue F luorescent 
C ruciform-Shaped A rchitectures* 
 
¾ Abstract 
This chapter describes the first example of the strategy toward novel well-defined, 
pyrene-based cruciform-shaped, highly pure blue fluorescent and stable monomers, 
namely 2,7-di-tert-butyl-4,5,9,10-tetrakis(p-substituted phenylethynyl)pyrenes, via a 
modified Pd/Cu-catalyed Sonogashira coupling reaction. These cruciform-shaped 
structures were fully characterized by 1H NMR, 13C-NMR, IR spectroscopy, Mass 
spectroscopy and elemental analysis. As revealed from single-crystal X-ray analysis, 
there is a herringbone pattern between stacked columns but the S-S stacking distance 
(ca. 5.83 Å) of the adjacent two pyrene units are not especially short at ca. 3.50-3.70 Å 
due to the introduction of the bulky tert-butyl groups on the pyrene ring at the 2- and 
7-positions. These cruciform-shaped monomers demonstrate good thermal stability (up 
to 260 oC) and dramatic high quantum yields ()F = 66-98% in dichloromethane) in 
solutions. Their detailed photophysical properties were carefully examined in different 
organic solvents and these data strongly indicate their potential application as 
blue-emitting materials in organic light-emitting diodes (OLEDs). 
 
 
 
*This work has been published: Jian-yong Hu, Masanao Era, Mark R. J. Eslegood, and 
Takehiko Yamato*., Eur. J. Org. Chem. 2009, accepted. 
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¾ 4.1 Introduction 
Recently, carbon-rich, high degree S-conjugated organic compounds have received 
much attention because of their unique properties as ideal materials for advanced 
electronic and photonic applications, such as organic LEDs, liquid crystal displays, thin 
film transistor, solar cells and optical storage devices.1-3 Among them, functionalized 
cruciform-shaped conjugated fluorophores are well-known because they exhibit   
interesting optical and electronic properties due to their unique multiple conjugated 
pathway structures. Examples of cruciform-VKDSHG SKRUHV DUH +DOH\¶V -tetra- 
(substituted phenylethynyl)benzenes4 0DUNV¶;-shaped 1,2,4,5-tetravinylbenzenes5 
and other cross-shaped fluorophores that developed by Nuckolls,6 and by Bunz7 (The 
Chemical structures of above mentioned materials are shown in Figure 4.1). For 
instance, the Tetradonor-VXEVWLWXWHGSKHQ\OHWK\Q\OEHQ]HQHVLQ+DOH\¶VV\VWHPVVKRZHG
the excellent performance of photophysical properties with the highest quantum yield. 
Thus, their seminal studies on the structure-property relationships for these materials 
provided valuable information for molecular design with high-performance. 
R2
R4R3
R1
5 1
24
(a) Haley's 1,2,4,5-tetraethynylbenzenes
N
NH3C
H3C
N
N
O T BD MS
O T BD MS
O T BD MS
O T BD MS
TfO
TfO
(b) Marks's X-shaped 1,2,4,5-tetravinylbenzene phores
N O
X
O RR O
NO
Y
(c) Nuckoll's C ruciform systems
R1
R1
R2
R2
(d) Bunz's 1,4-bis(arylethynyl)-2,5-distyrylbenzenes
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F igure 4.1 Chemical structures of (a) Haley¶s systems, (b) Marks¶s X-shaped, (c) Nuckoll¶s 
cruciform systems, and (d) Bunz¶s X-shaped cruciform systems 
 
  Pyrenses belong to the class of polycyclic aromatic hydrocarbons (PAHs), and 
have been widely used in many applications as fluorescence probes8 or fluorescence 
sensors,9 because of its desirable photophysical properties, but the use of pyrenes as 
blue-emitting materials in OLEDs is limited, because they easily formed   
S-aggregates/excimers in concentrated solution and solid state, and the formation of 
S-aggregates/excimers will leads long excimer emission with low quantum efficiency. 
More recently, some pyrene derivatives have been developed as hole transporting 
materials or host blue-emitting materials in OLEDs, in which bulky or long branched 
side chains were introduced (The Chemical structures of above mentioned compounds 
are shown in Figure 4.2).10 Thus, there is substantial interest in designing pyrene-based 
novel blue light-emitting molecules with high stability and efficiency for OLEDs 
applications. 
 
N
(2) Diarylamino functionalized pyrene[10d]
(3) F luorene-substituted pyrene[10e] (4) 1,4-Dipyrene benzene[10f]
Me
Me
OMe
Me
Me OMeMe
Me
Me
MeMeO
Me
(5) 1,3,6,8-Tetraarylpyrene[10g]
S
S
S
S
S
S
(1) Pyrene-bearing O ligothiophene[10a]
 
 
F igure 4.2 Chemical structures of several pyrene-based OLEDs materials in recent literatures 
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With this understanding as above mentioned, in this chapter, I present herein the 
first examples of the synthesis and photophysical properties of a new series of 
cruciform-shaped S-conjugated pure-blue light-emitting molecules, namely, 2, 7-Di- 
tert-butyl-4,5,9,10-tetrakis-phenylethynylpyrene, in which p-functionalized 
phenylacetylenic groups were successfully introduced into pyrene core at 4-, 5-, 9-, 
and 10-positions afforded a cruciform-shaped conjugation structures by using a 
modified Sonogashira coupling reaction. The introduction of the phenylacetylenic 
groups is expected to extend the conjugation length of pyrene chromophore resulting to 
shift the wavelength of absorption and fluorescence emission into the pure blue visible 
region of electromagnetic spectrum11 and to improve the fluorescence quantum yields. 
The two bulky tert-buyl groups on pyrene molecules at 2-, 7-positions were a priori 
anticipated to inhibit the close face-to-face S-stacking interactions between two pyrenes 
units, and finally to impart to the improvement of high solubility and high thermal 
stability to these molecules. Furthermore, studies on the electronic UV-Vis absorption 
and fluorescence emission properties of these molecules will fully be presented. 
 
 
¾ 4.2 Results and Discussion 
4.2.1 Synthesis 
Following our previous approach, 2,7-Di-tert-butyl-4,5,9,10-tetrabromopyrene 2 is 
readily obtained by the acid-catalyzed rearrangement bromination of 2,7-Di-tert- 
butyl-pyrene,12 (Scheme 4.1) and it served as the starting compound for the synthesis of 
2,7-Di-tert-butyl-4,5,9,10-tetrakis-(p-substituted phenylethynyl)-substituted pyrene 
derivatives. 
a Br
Br
Br
Br
1 2
 
Scheme 4.1 Synthesis of 4,5,9,10-tetrabromopyrene. Reagents and conditions: (a) Br2, 
Fe-powder, CH2Cl2, r. t. 4 h, 90% (2). 
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   The modified Sonogashira coupling reaction of the tetrabromide 2 with various kinds 
of phenylacetylenes 3 produced the corresponding 2,7-Di-tert-butyl-4,5,9,10-tetrakis- 
(p-substituted-phenylethynyl)pyrene derivatives 4 in excellent yields (recrystallization 
yields) as light-green fluorescent solids. As a comparison, compound 5, namely, 
1,3,6,8-Tetrakis-(4-methoxyphenylethynyl)pyrene was synthesized according to the  
literature procedures, which was recently reported by Sankararaman groups11 (Scheme 
4.2). 
a
Br
Br
Br
Br
2
+
R
H
3
4
a: R = H (65%)
b: R = t-Bu (68%)
c: R = O Me (75%)
R
R
R
R
H O Me
3c
Br
BrBr
Br
O Me
O MeMeO
MeO
511
b
 
Scheme 4.2 Synthesis of 4,5,9,10-tetrakis-phenylethynyl-substituted pyrene derivatives (4a-c) 
and 5. Reagents and conditions: (a) [PdCl2(PPh3)2], CuI, E t3N / DMF (V = 1 : 1), 12-48 h, 100 
0C . (b) [PdCl2(PPh3)2], diisopropylamine, PPh3, CuI, 24 h, 60-70 oC, 92 %. 
The structures of these novel cruciform-shaped S-conjugated compounds 4 were 
fully characterized by 1H NMR, 13C NMR, FT-IR spectroscopy, Mass spectroscopy and 
elemental analysis. In particular, due to their D2d point-group symmetric structures, their 
1H NMR spectrum of these tetraphenylethynyl pyrene derivatives 4 are very simple, For 
instance, compound 2,7-Di-tert-butyl-4,5,9,10-tetrakis-(4-methoxyphenylethynyl)- 
pyrene 4c display a singlet at G = 8.89 ppm for the pyrene ring protons at 1-,  3-,  6-, 
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and 8- positions, a pair of doublets in a 1 : 1 ratio in the region at G = 6.99 and G = 7.72 
ppm for the aromatic protons, a singlet at G = 3.90 ppm for the four methoxyl groups 
protons, and the protons of the two tert-butyl groups appear as a singlet at G = 1.68 ppm 
(Figure 4.3). Their FT-IR spectra of 4 showed characteristic peaks as 2991-2961 (for 
C-H stretching of aliphatic segments); 2195-2198 (specialal for:C{C); ~1600, ~1500, 
~1460 (for aromatic). In addition, 4c displayed strong absorption at ~ 1170 and 1030 
cm-1 (COC) stretching). Simultaneously, the structures of 4a, 4b, and 4c were also 
established on the basis of the base peak molecular ion at m/z 714, 939 and 835 in their 
mass spectrum. All results were consistent with the proposed cruciform-shaped 
structures. On the other hand, these three tetraphenylethynylpyrenes 4 are a stable solid 
that can be stored in air at room temperature for a prolonged period of time. All these 
compounds have a good solubility in all the common organic solvents including hexane 
with high melting point up to 260 oC. 
13C-NMR (300 MHz, CDCl3)
1H-NMR (300 MHz, CDCl3)
MeO O Me
O MeMeO
 
F igure 4. 3 1H-NMR and 13C-NMR spectrum of compound 4c recorded in CDCl3 at RT.   
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4. 2. 2 X-Ray Molecular Structure and C rystal Packing of 4c 
The molecular structure of compound 4c was further confirmed by single-crystal 
X-ray analysis.13 The crystals were grown by slow evaporation of a CHCl3/ 
dichloromethane solution. This monomer was obtained as yellow needles and provided 
excellent quality data. The crystallographic data for this monomer are presented in Table 
4. 1. 
Structure diagrams of compound 4c are shown in Figure 4.4. The molecule lies on a 
two-fold axis; thus half is crystallographically unique. The four ethynyl carbon atoms 
are essentially co-planar with the central pyrene ring, while the four C6H4 rings are not 
co-planar with the central pyrene ring with  twist angles of 18.3o for ring C15 > C20 
and 23.6o for ring C24 > C29, relative to the central, planar pyrene core. In addition, the 
relative twist angle between these two C6H4 is 39.5°. The -OMe groups are twisted by 
14.6° and 2.5° relative to the rings C15 > C20 and C24 > C29 respectively. 
The crystal packing of pyrene molecules has been studied previously. A 
card-packed structure was observed and the molecules exhibit an interplanar separation 
of ca. 3.5 Å with strong S±S stacking by the involvement of 14 carbons in S±S 
interactions in each pyrene molecule.14 As shown in Figure 4.5, the present 
cruciform-shaped molecules of 4c are packed in a herring-bone arrangement in the 
crystal. In addition, each 4c molecule displays a 24-point S±S stacking with molecules 
above and below (Figure 4.5-i) using both the pyrenyl carbons and phenylethynyl 
carbons for each interaction. Interestingly, the closest intermolecular C-C distance 
between the central pyrenyl planes of two adjacent 4c molecules is not especially short 
at ca. 3.50±3.70 Å due to the presence of the two bulky tert-butyl groups attached on the 
pyrene ring at the 2 and 7 positions.  
 
Consequently, because efficient S-stacking in emitting molecules can lead to 
extensive excimer formation in the solid state or thin films, and a consequent shift in the 
emission spectrum and reduction in quantum yield of fluorescence,15  the low degree of 
S-stacking in crystals of these present new pyrene monomers suggests that they should 
be robust blue-light-emitting materials. 
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Table 4.1 Summary of the crystal data of compound 4c. 
Parameter                4c 
Empirical formula           C60H50O4 
Formula weight [g  mol-1]            835.00 
Temperature [K] 
Wavelength  [Å] 
Crystal system 
Space group 
Crystal color and size [mm3] 
a  [Å] 
b  [Å] 
c  [Å] 
D  [°] 
E  [°] 
J  [°] 
Volume [Å3] 
Z 
Density, calcd [g m-3] 
Absorption coefficient [mm-1] 
F(000) 
ș range for data collection [°] 
Reflections collected 
Independent reflections 
Observed data [F2 > 2V(F2)] 
Rint 
Restraints/parameters 
Goodness-of-fit on F2 
R1 [F2 > 2V(F2)] 
wR2 (all data) 
            150(2) 
           0.71073 
           monoclinic 
P21/c 
    yellow, 2.00 u 0.05 × 0.02 
            12.865(3) 
            5.9903(13) 
             28.642(6) 
               90 
              90.033(4) 
               90 
              2207.3(8) 
                2 
              1.256  
              0.077 
               884 
           1.42 to 26.46 
             18599 
              4544 
              2297 
             0.1134 
             0 / 295 
              0.978 
             0.0566 
             0.1463 
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(i) 
 
 
     (ii) 
 
 
F igure 4.4 X-ray structure diagrams of compound 4c (i) top view; (ii) side view 
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(i) 
 
(ii) 
F igure 4.5 Packing diagrams of compound 4c: (i) view SDUDOOHOWREKLJKOLJKWLQJʌ±ʌVWDFNLQJ; 
(ii) view parallel to c showing herringbone packing motif. 
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4.2.3 Photophysical Properties 
The UV-Vis absorption and florescence spectroscopic data of these cruciform- 
shaped conjugation pyrenes derivatives 4a-c that were measured in dilute 
dichloromethane solution at room temperature are listed in Table 4.2, compared with 
that of pyrenes 1, and 5. The UV±Vis absorption spectras are shown in Figure 4.6 For 
the pyrenes 1, the absorption spectra is almost identical compared to that of the parent 
pyrene,16 three well-resolved sharp absorption bands were observed in the region 
300-350 nm. The slight bathochromic shift is ascribed to the increased S-electron 
density on the pyrene ring arising from the two tert-butyl groups at 2,7-positions. On the 
other hand, the optical absorption spectra of 5 is very broad, and less resolved, the 
longest wavelength band is large bathochromically shifted by ca. 140 nm in comparison 
to pyrenes 1 due to the extended conjugation length of the pyrene chromophore with the 
phenylacetylenic units at 1-, 3-, 6-, and 8-positions. In addition, it reveals a vibronic 
feature that are characteristic of unsubstituted parent pyrene with short wavelength 
absorption maximum at ca. 350 nm, and the conjugation segments of the 
phenylacetylenic units with long wavelength absorption maximum at ca. 480 nm, 
respectively.  
 
 
 
F igure 4.6 Normalized UV-Vis absorption spectra of 4 recorded in CH2Cl2 at ~ 10-5 M 
concentration at 25 0C , compared with that of pyrenes 1, and 5. 
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Interestingly, in the UV-Vis absorption spectra of compounds 4, compared to that of 
pyrenes 1, all spectra are broad, and less resolved, and the longest wavelength S - S 
absorption maximum of 4a, 4b, and 4c occurred at 410, 413, and 415 nm, respectively 
(Table 4.2), which are bathochromically red-shifted by 71±76 nm due to the extended 
conjugation of the pyrene chromophore with the introduced phenylacetylenic units at 4-, 
5-, 9-, and 10-positions. While compared to that of compound 5, although a similar 
vibronic feature for compounds 4 was observed, the UV-Vis absorption spectra of 4a-c 
shows large bathochromically blue-shifted by ca. 60 nm despite the attachment of two 
electron-donating tert-butyl groups in pyrene molecule at 2-, 7-positions. A good 
reasonable explanation for these blue-shifts is that there is a quite different conjugation 
pathways between 4 and 5, in the case of 4 the chromophore, namely, 4, 5, 9, 
10-tetraphenylethynylpyrenes, these four phenylacetylenic units are connected with 
pyrenes molecule at the close 4-, 5-, 9-, and 10-positions, afforded a short cruciform 
S-conjugated molecular structures and hence a cruciform S-conjugation occur 
efficiently. In the case of 5, these four phenylacetylenic units are connected with 
pyrenes molecule at the far 1-, 3-, 6-, and 8-positions, it does not like compounds 4, 
there is no a short cruciform conjugation structure and hence the conjugation length of 5 
is more larger than that of 4 leads to a large red-shifted to ca. 500 nm region. 
Furthermore, among compounds 4, the p-methoxyl-subtituted phenylethynylpyrenes 4c 
displayed the largest bathochromic shift of the absorption bands, which could be 
contributed to the strongest electron-donating ability of methoxyl functional group 
compared with the ±H and ±tert-butyl substiuents. 
 Upon excitation, dilute solution (~10-6 M) of compounds 4 and 5 in dichloromethane 
at room temperature showed pure-blue emission and green emission (Figure 4.7), 
respectively. The fluorescence emission bands of 4a, 4b, and 4c are almost identical, 
only one emission band were observed in the visible pure-blue region, which indicates 
all these emissions occurs from the lowest excited state with the largest oscillator 
strength. All spectra are bathochromically blue-shifted in comparison to that of pyrenes 
5. For example, compared to that of the lowest energy emission band of pyrenes 5 at 
496 nm, the lowest energy emission band of 4c, 4b, and 4a are occurred at 453, 448, 
and 441 nm, respectively, a blue-shift of nearly 50 nm. On the other hand, the 
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fluorescence spectra for these cruciform-shaped conjugation compounds from 4a to 4c 
systematically varied in agreement with the electronic absorption spectra, implying that 
the energy gap between ground and excited states decreases in the order of 4a > 4b > 4c 
(Table 4.2). The fluorescence spectra are independent of the excitation wavelength. The 
fluorescence Stokes shift increases in the order of 4a < 4b < 4c. The fluorescence 
quantum yields of 1, 4a-c and 5 recorded in dilute dichloromethane solution at room 
temperature are presented in Table 4. 2. The )F values of 1, 4a-c, and 5 were found in 
the range of 0.12-0.98 relative to that of 9,10-diphenylanthracence (0.90 in 
cyclocohexane).17 
 
 
 
F igure 4.7 Normalized fluorescence emission spectra of 4a-c and 5 recorded in CH2Cl2 at ~ 10-6 
M concentration at 25 oC .  
 
It must be noted here that several 1,3,6,8-Tetra-phenylethynyl-substituted pyrene 
derivatives showed very low values of quantum efficiency in solution due to the free 
rotation of the phenyl substituents that are conjugated with the pyrene chromophore is 
possible, which results to allow competing nonradiative pathways for the decay of the 
excited singlet state.11 Interestingly, in our present case of 4a-c, all compounds have a 
much more dramatic high quantum yields. A good reasonable explanation for this 
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difference is also due to the presence of the special crucifrom S-conjugation molecular 
structures in compounds 4a-c despite the possibility of the free rotation of the 
phenylethynyl substituents in these molecules, which is also in manner similar with the 
tetra-donor-VXEVWLWXWHGSKHQ\OHWK\Q\OEHQ]HQHVLQ+HOD\¶V\VWHP4 
Table 4.2 Optical absorption and emission spectroscopic data for 4a-c in CH2Cl2 (~ 
10-5 10-6 M) at room temperature, compared with that of pyrenes 1 and 5.[a] 
Compd Structure                  Absorption [b] Fluo. Emission [c] stokes-shift          P. L.Q.Y. [e]
Omax [nm] H (M-1 cm-1) Omax [nm] (Oex) [d] [nm]
1 
4a
4b
4c
5
O MeMeO
MeO O Me
O Me
O MeMeO
MeO
339    26300
410    36400
413    38900
415    45700
477    88900
378     (252) 
441    (324)
448    (328)
453    (333)
496    (260)
39 
31
32
38
19
0.12 
0.66
0.72
0.98
0.96
 
[a] All measurements were performed under degassed conditions. [b] ~    10-5 M in CH2Cl2, Oabc 
is the absorption band appearing at the longest wavelength. [c] ~ u 10-6 M in CH2Cl2, Oex is the 
fluorescence band appearing at the shortest wavelength. [d] Wavelength of excitation. [e] 
F luorescence quantum yields, the values (r 0.010.03) are relative to that of 
diphenylanthracene (0.90 in cyclohexane). 
 
Figure 4.8 show the effect of concentration on the fluorescence emission of 
compound 4c in dichloromethane at room temperature. With increasing concentration of 
4c from 1.0 ×10-8 M (line 1) to 1.0 ×10-4 M (line 9), the emission corresponding to only 
the monomer at 453 nm was observed and the intensity of this emission band gradually 
increased. This result strongly indicated that this compound does not exhibit excimer at 
concentration of 10-5 M and even higher concentrations. The reason is the fact that the 
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attachment of statically hindered substituents to the pyrene core by these two bulky 
tert-butyl groups at 2-, 7-positions played an important role in preventing undesirable 
face-to-face aggregation. 
 
 
 
F igure 4.8 E ffect of concentration on the fluorescence emission spectra of 4c recorded in 
CH2Cl2 at 25 oC . (1) 1.0    10-8 M, (2) 2.5   10-8 M, (3) 1.0   10-7 M, (4) 2.5    10-7 M, (5) 1.0   
10-6 M, (6) 2.5   10-6 M, (7) 5.0    10-6 M (8) 2.5   10-5 M, (9) 1.0    10-5 M. Oex = 333 nm. 
  
In order to obtain more insight of their photophysical properties into these new 
cruciform-shaped conjugation compounds, the normalized absorption spectra and 
emission spectra of compound 4a and 4c in various solvents are determined and the 
optical data are summarized in Table 4. 3. It is well-known that solvatochromitic affect 
is not only depend on molecular structure, but also depend on the nature of the 
chromophore, as well as the solvents.18 Each monomer shows a slight solvatochromism 
in the absorption spectra and emission spectra. For example, a change in solvent from 
nonpolar cyclohexane to polar DMF causes only a very slight positive solvatochromic 
shift in the SS absorption band from 413 to 417 nm for 4c, in Figure 4. 9-(I I). 
However, in the case of emission spectrum of 4c, a certain positive solvatochromism 
behavior was also observed with increasing solvent polarity, Figure 4. 10-(I I). For 
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instance, the emission spectrum of 4c was observed with a peak around 425 nm and a 
shoulder peak around 450 nm in cyclohexane. A broad and red-shifted emission of 4c 
was observed with only one peak at Omax = 464 nm in the solvent of high polarity, 
N,N-dimethylformamide (DMF). A Similar result was also observed in the absorption 
spectra and emission spectra for 4a (F igure 4.9-(I) and 4.10-(I)). These results indicated 
that the Pe (dipole moment of 4 in the excited state) should be larger than the Pg (the 
dipole moment of 4 in the ground state) because positive solvatochromic effect was 
observed in the absorption spectra and emission spectra.19 On the other hand, the fact 
that solvatochromic effects is more important for emission than for absorption suggests 
that these current compounds 4 are more solvated in the excited state than in the ground 
state.20 
 
Table 4.3 Optical absorption and emission spectroscopic data for compound 4a and 4c in 
various solvents (~ 10-5 ± 10-6 M) at 25 oC .[a] 
 
Solvent                   Absorption [b] Fluo. Emission [c] stokes-shift          P. L.Q.Y. [d]
Omax [nm]                        Omax [nm]                             [cm -1 } 
Cyclohexane
THF
DCM
DMF
643
746
1714
2000
0.58
0.62
0.66
0.60
Cyclohexane
THF
DCM
DMF
408
410
411
412
413
415
416
417
419
424
441
449
425
435
453
464
684
1050
2021
2429
0.73
0.84
0.98
0.82
Compound  4a
Compound  4c
 
[a] All measurements were performed under degassed conditions. [b] ~ x 10 -5 M in different 
solvents that mentioned above, Oabc is the absorption band appearing at the longest wavelength. 
[c] ~ x 10-6 M in different solvents that mentioned above, Oex is the fluorescence band appearing 
at the shortest wavelength. [d] F luorescence quantum yields, the values (r0.010.03) are 
relative to that of diphenylanthracene (0.90 in cyclohexane). 
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(I) 
 
(II)  
F igure 4.9 Normalized absorption spectra of 4a(I) and 4c(I I) recorded in (a) cyclohexane, (b) 
tetrahydrofuran(TH F), (c) dichloromethane(DCM), (d) N,N-dimethylformamide(DMF) at ~ 10 -5 
M concentration at 25 0C .  
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(I) 
 
 
F igure 4.10 Normalized fluorescence spectra of 4a(I) and 4c(I I) recorded in (a) cyclohexane, 
(b) tetrahydrofuran(TH F), (c) dichloromethane(DCM), (d) N,N-dimethylformamide(DMF) at ~ 
10 -6 M concentration at 25 0C . 
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¾ 4.3 Conclusions 
In summary, a series of well-defined pyrene-based cruciform-shaped conjugation 
molecules with high thermal stability and high quantum yields have been synthesized 
and fully characterized. The results, obtained through inspecting the absorption and 
emission spectra of these pure monomer, indicated that the extension of S-conjugation 
of the pyrene chromophore by phenylacetylenic substituents have effective  influence 
served to shift the wavelength of absorption and fluorescence emission into the 
pure-blue visible region. The two bulky tert-buyl groups on pyrene molecules at 2-, 
7-positions played an important role for inhibiting the close face-to-face S-stacking 
interactions between two pyrenes units. These molecules emit very bright pure blue 
fluorescence with good solubility in common organic solvents and high stability, and 
hence they were promising blue organic light-emitting materials in the fabrication of 
OLEDs devices. 
 
 
¾ 4.4 Exper imental Section 
General Remarks: All melting points are uncorrected. The 1H NMR spectra were recorded at 
300 MHz on a Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with 
TMS as an internal reference. The IR spectra were obtained as KBr pellets on a Nippon Denshi 
JIR-AQ2OM spectrometer. UV/Vis spectra were obtained with a Perkin Elmer Lambda 19 
UV/VIS/NIR spectrometer in various organic solvents. Fluorescence spectroscopic studies were 
performed in various organic solvents in a semimicro fluorescence cell (Hellma, 104F-QS, 
10×4 mm, 1400PL) with a Varian Cary Eclipse spectrophotometer. Fluorescence quantum yields 
were measured using absolute methods. Mass spectra were obtained on a Nippon Denshi 
JMS-HX110A Ultrahigh Performance Mass Spectrometer at 75 eV using a direct-inlet system. 
Elemental analyses were performed with a Yanaco MT-5 analyser. 
 
Materials: Preparation of 2,7-Di-tert-butylpyrene (1) was previously described.12  
Acid-catalyzed arrangement bromination of 2,7-Di-tert-butylpyrene (1):  
To a mixture of 2,7-Di-tert-butylpyrene (500 mg, 1.60 mmol), CH2Cl2 (250 mL) and 250 mg 
Fe-powder, a solution of Br2 (1.40 g, 8.7 mmol) in CH2Cl2 (25 mL) was added dropwise over 1 
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h at 0 °C with stirring. After this addition, the mixture was warmed to room temperature and 
stirred for 4 h. The mixture then was poured into a large amount of ice-water and extracted with 
CH2Cl2 (250 mL). The organic extracts were washed with Na2S2O3 (10%) solution, water, brine, 
dried (Na2SO4) and evaporated. The residue was dissolved in dichloromethane and purified by 
column chromatography eluting with hexane to give a pale-yellow solid (980 mg, 90%). 
m.p. 286-288 °C. 
1H-NMR (CDCl3į +Vt-Bu), 8.87 (4H, s, Pyrene-H). 
General Procedure for the Sonogashira coupling reaction towards the synthesis of  4a-c: 
4,5,9,10-Tetrabromo-2,7-di-tert-butylpyrene 2 (0.32 mmol), [PdCl2(PPh3)2] (0.016 mmol), CuI 
(0.016 mmol), PPh3 (0.032 mmol) and the phenylacetylenes (2.56 mmol) were added to a 
degassed solution of DMF (10 mL) and triethylamine (10 mL) under argon. The resulting 
mixture was stirred at 100 °C for the time mentioned in the individual cases. The reaction 
mixture was then cooled to room temperature and quenched with Et2O and extracted. Solvent 
was removed to give the crude reaction mixture, which was further worked up as indicated in 
the individual cases. 
 
Synthesis of 2,7-Di-tert-butyl-4,5,9,10-tetrakis(phenylethynyl)pyrene (4a):  
To a stirred solution of 4,5,9,10-Tetrabromo-2,7-di-tert-butylpyrene 2 (200 mg, 0.32 mmol), 
Et3N (10 mL) and DMF (10 mL), was added [PdCl2(PPh3)2] (12 mg, 0.016 mmol), CuI (3.2 mg, 
0.016 mmol) and PPh3 (8.2 mg, 0.032mmol) stirring for 30 minutes at 0 °C under argon. 
Phenylacetylene (260 mg, 2.56 mmol) was then added and the mixture was heated to 100 °C 
with stirring for 24 h. After cooling, the mixture was diluted into Et2O (150 mL) and washed 
successively with saturated NH4Cl solution, H2O and brine. The organics were dried (MgSO4) 
and evaporated. In order to get pure product, the crude product was purified twice by column 
chromatography eluting with hexane : CH2Cl2 (9:1) and recrystallized from hexane affording 
the desired compound as pale-green prisms (149 mg, 65%). 
m.p. > 300 °C. IR (KBr) Q: 2961, 2197 (-C{C-), 1597, 1493, 1442, 1362, 877, 755, 690, 561, 
530 cm-1. 
1H NMR (CDCl3) G = 1.69 (18H, s, t-Bu), 7.45-7.54 (12H, m, Ar-H), 7.80 (8H, d, J = 8.7 Hz, 
Ar-H), 8.93 (4H, s, Pyrene-H) ppm. 13C NMR (CDCl3): G = 149.8, 131.8, 129.5, 128.7, 128.6, 
124.1, 123.7, 123.0, 121.3, 99.6, 87.8, 35.7, 32.0 ppm. 
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FAB HRMS: m/z:calcd. For C56H42 [M+] 714.92; Found. 714.38. 
Elemental Analysis: Calcd. C56H42 C. 93.62, H. 5.38; Found. C. 93.59, H. 5.90. 
 
Synthesis of 2,7-Di-tert-butyl-4,5,9,10-tetrakis(4-tert-butylphenylethyny- l)pyrene (4b):  
To a stirred mixture of 4,5,9,10-Tetrabromo-2,7-di-tert-butylpyrene 2 (200 mg, 0.32 mmol), 
Et3N (10 mL) and DMF (10 mL), was added [Pd(PPh3)2Cl2] (12 mg, 0.016 mmol), CuI (3.2 mg, 
0.016 mmol) and PPh3 (8.2 mg, 0.032mmol) stirring for 30 minutes at 0 oC under argon. Then 
4-tert-butylphenylacetylene (404 mg, 2.56 mmol) was added to the mixture which was heated to 
100 oC with stirring for 48 h. After cooling, the mixture was diluted into Et2O (200 mL) and 
washed successively with saturated NH4Cl solution, H2O and brine. The organics were dried 
(MgSO4) and evaporated. The crude product was purified by column chromatography eluting 
with hexane : ethyl acetate (9 : 1) and recrystallized from hexane to give the desired product as 
pale-green prisms (204 mg, 68%). 
m.p. > 300 °C. IR (KBr) Q: 2962, 2198 (-C{C-), 1601, 1516, 1505, 1464, 1394, 1363, 1327, 
1268, 1247, 1096, 1016, 880 cm-1. 
1H-NMR (CDCl3) G = 1.40 (36H, s, t-Bu), 1.68 (18H, s, t-Bu), 7.49 (8H, d, J = 8.2 Hz, Ar-H), 
7.74 (8H, d, J = 8.5 Hz, Ar-H), 8.92 (4H, s, Pyrene-H) ppm. 13C (CDCl3): G =  152.0, 149.7, 
131.6, 129.6, 125.6, 124.0, 122.8, 121.2, 120.7, 99.8, 87.3, 35.6, 34.9, 32.0, 31.3 ppm. 
MS (EI) m/z: Calcd. For C72H74   [M+]  939.36; Found. 938.60. 
Elemental Analysis: Calcd. C72H74 C. 92.06, H. 7.94; Found. C. 92.02, H. 8.01. 
 
Synthesis of 2,7-Di-tert-butyl-4,5,9,10-tetrakis(4-methoxyphenylethynyl)pyrene (4c):  
To a stirred mixture of Tetra-bromo-pyrene (200 mg, 0.32 mmol), Et3N (10 mL) and DMF (10 
mL), was added [PdCl2(PPh3)2] (12 mg, 0.016 mmol), CuI (3.2 mg, 0.016 mmol) and PPh3 (8.2 
mg, 0.032mmol) stirring for 30 minutes at 0 oC under argon. Then, 4-Ethynylanisole (340 mg, 
2.56 mmol) was added and the mixture was heated to 100 oC with stirring for 48 h. After 
cooling, the mixture was diluted into Et2O (150 mL) and washed successively with saturated 
NH4Cl solution, H2O and brine. The organics were dried (MgSO4) and evaporated. The crude 
product was purified by column chromatography eluting with a mixture of hexane : CH2Cl2 (5:1) 
and recrystallized from ethyl acetate to afford the pure desired compound as a pale-green solid 
(200 mg, 75%).  
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m.p. 262-264 °C. IR (KBr) Q: 3479, 2991, 2195 (-C{C-), 1606, 1568, 1557, 1511, 1505, 1456, 
1410, 1362, 1290, 1249, 1170, 1104, 1030, 943, 898, 816, 557 cm-1.  
1H-NMR (CDCl3) G = 1.68 (18H, s, t-Bu), 3.90 (12H, s, OMe), 6.99 (8H, d, J = 8.5 Hz, Ar-H), 
7.72 (8H, d, J = 8.5 Hz, Ar-H), 8.89 (4H, s, Pyrene-H) ppm. 13C (CDCl3): G = 160.0, 149.9, 
143.1, 133.2, 129.6, 123.8, 123.0, 116.4, 114.3, 99.8, 86.8, 55.4, 35.6, 32.0 ppm. 
MS (EI) m/z: Calcd. For C60H50O4   [M+] 835.04; Found: 834.40.  
Elemental Analysis: Calcd. C60H50O4 C. 86.30, H. 6.04 O.7.66; Found. C.86.15, H. 6.10, O. 
7.56. 
 
Synthesis of 1,3,6,8-Tetrakis(4-methoxyphenylethynyl)pyrene (5)11:  
1,3,6,8-Tetra-bromo- pyrene (200 mg, 0.39 mmol), [PdCl2(PPh3)2] (14 mg, 0.0195 mmol), CuI 
(4 mg, 0.0195 mmol), PPh3 (10 mg, 0.039 mmol), and 4-Ethynylanisole (412 mg, 3.12 mmol) 
were added to a degassed solution of diisopropylamine (10 mL) and THF (10 mL) under argon. 
The resulting mixture was heated at 70 oC with stirring for 24 h. After cooling, the red-orange 
precipitate was filtered and washed with CHCl3 (50 mL) and benzene (50 mL), then 
recrystallization from CHCl3 to afford the pure desired compound as a red-orange powder  
(259 mg, 92%). 
m.p. 236-238 °C. 
1H-NMR (CDCl3) G = 3.89 (12H, s, OMe), 6.97 (8H, d, J = 9.0 Hz, Ar-H), 7.67 (8H, d, J = 8.7 
Hz, Ar-H), 8.40 (2H, s, Pyrene-H2,7), 8.74 (4H, s, Pyrene-H4,5,9,10). 13C NMR of this compound 
could not be determined due to its low solubility. 
MS(EI) m/z: Calcd. For C52H34O4 [M+] 722.82; Found: 722.35. 
Elemental Analysis: Calcd. C52H34O4 C. 86.41, H. 4.74, O.8.85; Found. C.86.35, H. 4.75, O. 
8.90. 
 
C rystal Data and Refinement Details for 4c:  
Diffraction data were collected using a Bruker SMART APEX II CCD diffractometer using 
narrow frames to șmax = 26.46°. 21 Data were corrected for absorption on the basis of symmetry 
equivalent and repeated data (min. and max. transmission factors: 0.861, 0.999) and Lp effects. 
The structure was solved by direct methods and refined on F2 using all data.22 H atoms were 
constrained in a riding model. Further details can be found in Table 1 and ref [13]. 
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Chapter 5 
 
Pyrene-Based Hand-Shaped S-Conjugation Blue 
Light-Emitting Monomers: Synthesis and 
Photophysical Properties 
 
 
¾ Abstract 
A new class of highly blue fluorescent and stable pyrene-based hand-shaped 
S-conjugation monomers, namely, 2-tert-butyl-4,5,7,9,10-pentakis-(p-substituted phenyl 
ethynyl)pyrenes have been synthesized by using a modified Pd/Cu-Catalyzed 
Sonogashira coupling reaction. The hand-shaped structures were fully characterized by 
1H-NMR, IR spectroscopy, Mass spectroscopy and elemental analysis. All compounds 
have high thermal stability, good solubility, and strong blue fluorescence emission in   
various solutions with high quantum yields (Omax = 452-458 nm; )f = 0.46-0.76 in 
Chloroform). In addition, an interesting result was observed that these new 
hand-shaped S-conjugated pyrene derivatives show gradually bathochromic red-shifts 
when compared to the linear-shaped 4-mono-, and 4,9-bis-phenylethynyl-substituted 
S-conjugated pyrenes, the banana-shaped S-conjugated 4,10-bis(4-methoxyphenyl- 
ethynyl)pyrenes (in chapter 3) and the cruciform-shaped 4,5,9,10-tetrakis-(p-phenyl- 
ethynyl)pyrenes (in chapter 4), as the increasing number of the phenylethynyl 
substituents in both UV-vis absorption spectra and fluorescence-emission spectra. Thus, 
these data indicated their potential use as blue-emitting materials in organic 
light-emitting diodes (OLEDs). 
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¾ 5.1 Introduction 
   In recent years, functionalized propeller-shaped molecules and star-shaped 
conjugated molecules are well-known because they exhibit interesting optical and 
electronic properties due to their divergent and extended S-conjugated systems. 
Examples of propeller-shaped molecules are K. Müllen¶V Hexa-peri-hexabenzo 
coronene (H B C) derivatives1-3 and star-shaped molecules are K. Peter. C. Vollhardt¶s 
Hexaethynylbenzene (H E B) derivatives4 (The Chemical structures of above mentioned 
compounds are shown in F igure 5.1). Kobayashi and co-workers recently reported a 
series of differentially functionalized hexakis-(p-substituted phenylethynyl)-benzenes 
with D6h,or D3h, or C2v symmetry by the Sonogashira coupling rection.5 These 
compounds are potential application as a building block for molecular devices due to 
the introduction of differentially functional groups into hexakis(phenylethynyl)benzene. 
Thus, their pioneer studies on the structure-property relationships between 
photoproperties and molecular structures provided valuable information for new 
materials design with high-performance. 
F
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Propeller-shaped conjugated molecular systems1-3
Star-shaped conjugated molecular systems4,5  
 
F igure 5.1 Structures of propeller-shaped and star-shaped conjugated molecules systems 1-5 
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    On the other hand, pyrene and its derivatives have been extensively applied to 
biological probes6,7 and photonic devices,8 by virtue of their inherent and novel 
photophysical characteristics in recent years. Thus, pyrene is a fascinating S-conjugated 
core for some fluorescent monomers,9 oligomers10 as well as polymers.11 However; 
serious drawbacks exist in the photophysical properties of pyrene, which include the 
relatively short absorption wavelength emission, the substantial quenching of its 
fluorescence in the presence of oxygen12 and the low fluorescence quantum yields.13 
Fortunately, recent studies shown that the introduction of alkynyl groups into pyrene 
nuclei induced effective extension of S-conjugation and a large increase of fluorescence 
intensities compared with that of the parent pyrene.14 Additionally, the alkynylpyrenes 
almost maintain their fluorescence intensities even under aerated conditions, giving 
rising to an additional useful feature for practical uses. Thus, there is continuous interest 
in designing new pyrene-based emitting materials with high stability and efficiency for 
photonic devices applications. 
 
Si
R
R
X
n
N
N
N
N
N
NO
O
O
O
(a) (b)
(c) (d)
 
F igure 5.2 Chemical structures of several alkynyl-linked S-conjugated pyrenes14a-d 
 
Taking these features into my account, in this chapter, herein I report the first 
examples of the synthesis and photophysical properties of a new series of pyrene-based 
hand-shaped acetylene-linked S-conjugated blue light-emitting monomers, namely, 
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2-tert-butyl-4,5,7,9,10-pentakis(p-substituted phenylethynyl)pyrenes, in which five 
p-functionalized phenylacetylenic groups were successfully introduced into pyrene core 
at 4-, 5-, 7-, 9-, and 10-positions afforded a unique hand-shaped structures by 
Sonogashira coupling. Furthermore, previously studies in chapter 3 and 4 have showed 
that the introduction of the acetylenic groups could effective extend the conjugation 
length of pyrene chromophore resulting to shift the wavelength of absorption and 
fluorescence emission into the visible region of electromagnetic spectrum and improve 
dramatically the fluorescence quantum yields, and the presence of the bulky tert-butyl 
group on pyrene ring at 2- or 7-positions played an important role for suppressing the 
S-S stacking of pyrene units. Thus, detailed studies on the electronic UV-Vis absorption 
and fluorescence emission properties of these novel monomers will fully be presented. 
Additionally, the proper structure-property relationships on both UV-vis absorption and 
emission spectra between current monomers and previously reported the 4-mono-, 
4,9-bis-, 4,10-bis- and 4,5,9,10-tetrakis-phenylethynyl-substituted pyrenes compounds 
in Chapter 3 and 4, will also be established. 
 
 
¾ 5.2 Results and Discussion 
5.2.1 Synthesis 
I previously reported the synthesis of 2,7-di-tert-butyl-4,5,9,10-tetrabromo- pyrene 
(2) by the acid-catalysed rearrangement bromination of 2,7-Di-tert-butylpyrene 1 in 
chapter 4. Interestingly, when this reaction time was prolonged to 8 h, ipso- bromination 
at 7-position taken placed, 2-tert-butyl-4,5,7,9,10-pentabromopyrene 3 was obtained in 
85% yield (Scheme 5.1), So it can be served as the starting material for the synthesis of 
2-tert-butyl-4,5,7,9,10-pentakis-phenylethynyl-substituted pyrene derivatives. 
a Br
Br
Br
Br
1 2
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Br
Br
Br
3
b
2
7 7
2
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Scheme 5.1 Synthesis of 4, 5, 7, 9, 10-pentabromopyrene: Reagents and conditions: (a) Br2, 
Fe-powder, CH2Cl2, r. t. 4 h, 90% (2). (b) Br2, Fe-powder, CH2Cl2, r. t. 8 h, 85% (3). 
 
Thus, according to the reported procedures in chapter 4, the same modified 
Sonogashira coupling reaction of the pentabromide 3 with various kinds of 
phenylacetylenes 4 produced the corresponding hand-shaped 2-tert-butyl-4,5,7,9,10- 
pentakis(p-substituted phenylethynyl)pyrene derivatives 5 in moderate yields (28-40%, 
Recrystallization Yields) as an orange to red colour fluorescent solids (Scheme 5.2). 
 
Br
Br
Br
Br
Br
3
+
R
H
4 5 a: R = H      (28%)
b: R = t-Bu  (31%)
c: R = O Me (40%)
R
R
R
R
a
R
 
Scheme 5.2 Synthesis of 2-tert-butyl-4,5,7,9,10-pentakis-phenylethynyl-substituted pyrene 
derivatives (5). Reagents and conditions: (a) [PdCl2(PPh3)2], CuI, E t3N / DMF (V = 1 : 1), 
12-48 h, 100 0C . 
 
All structures for these novel hand-shaped S-conjugated compounds 5 were fully 
characterized basis on theirs 1H NMR, FT-IR spectroscopy, Mass spectroscopy and 
elemental analysis. Therefore, their 1H NMR spectra of these pentakis-phenylethynyl 
pyrene derivatives 5 are very simple due to their D1d point-group symmetric structures. 
For example, compound 2-tert-butyl-4,5,7,9,10-pentakis(4-methoxyphenylethynyl)- 
pyrene 5c shows two singlet at G = 8.89 and 8.86 ppm for the pyrene ring protons at 6-, 
8- positions and 1-, 3-positions, respectively. A pair of multiples in a 1 : 1 ratio in the 
region at G = 7.63 ± 7.76 and G = 6.94 ± 6.99 ppm for the phenyl protons, two singlets at 
G = 3.90 and 3.88 ppm for the four methoxyl groups protons at 4,5,9,10-positions 
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branch and 7-position branch, respectively, and the protons of the tert-butyl group 
appear as a singlet at G = 1.68 ppm. Their FT-IR spectra of 5 showed characteristic 
peaks as 2995-2998 (for C-H stretching of aliphatic segments); 2196-2199 (special 
for:C{C); ca. ~1600, ~1500, ~1460 (for aromatic). In addition, 5c displayed special 
strong absorptions at ca. ~1170 and 1030 cm-1 (COC) stretching). Simultaneously, 
the structures of 5a, 5b, and 5c are also established on the basis of the base peak 
molecular ion at m/z 758, 1038 and 908 in their mass spectrum. All results were 
agreement with the proposed hand-shaped structures. On the other hand, these three 
pentaphenylethynylpyrenes 5 are a stable solid that can be stored in air at room 
temperature for a prolonged period of time. All these compounds have a good solubility 
in all the common organic solvents including hexane with high melting point up to 280 
0C. 
 
 
 
 
F igure 5.3 1H NMR spectra of 5c in CDCl3 at room temperature. 
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5.2.2 X-Ray Molecular Structure of 5c 
 
The molecular structure of compound 5c was further confirmed by single-crystal 
X-ray analysis. The crystals were grown by slow evaporation of a mixture of CHCl3 
/CH2Cl2 (V : V = 3 : 1) solution. This monomer was obtained as orange needles and 
provided excellent quality data. 
Consequently, as described in previous chapters, the efficient S-stacking in emitting 
molecules could lead to extensive excimer formation in the solid state or thin film with 
low quantum yields of fluorescence. Therefore, single-crystal X-ray analysis of 
compound 5c revealed that the five ethynyl carbons atoms are essentially co-planar with 
the central pyrene ring, while both the five C6H4 rings and the five ±OMe groups are 
twisted with certian torsion angles (Figure 5. 4). On the other hand, there is low crystal 
S-S packing was observed in this crystal due to the sterically hindrance arising from the 
bulky tert-butyl groups that attached in pyrene ring at 2-positions. 
 
 
 
F igure 5.4 X-ray structure diagram of compound 5c (top view). 
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5.2.3 Photophysical properties 
5.2.3.1 U V-Visible absorption spectra and F luorescence-emission spectra of 5 
The UV-Vis absorption and fluorescence spectroscopic data of these hand-shaped 
conjugation pyrenes 5, that were measured in dilute dichloromethane solution at room 
temperature are summarized in Table 5.1, compared with that of pyrenes 1.  
Table 5.1 Optical absorption and emission spectroscopic data for 5 in dichloromethane 
(~ 10-5 ± 10-6 M) at room temperature, compared with that of pyrenes 1.a 
Compd Absorption [b] Fluo. Emission [c] stokes-shift          P. L.Q.Y. [e]
Omax [nm] Omax [nm] (Oex) [d] [nm]
1
5a
5b
5c
378 (252)
452 (260)
455 (269)
458 (346)
39
32
21
19
0.12
0.46
0.63
0.76
339  
420     
434    
439   
 
 
a All measurements were performed under degassed conditions. b ~    10-5 M in dichloromethane, 
Oabc is the absorption band appearing at the longest wavelength. c ~ x 10-6 M in dichloromethane, 
Oex is the fluorescence band appearing at the shortest wavelength . d Wavelength of excitation. e 
F luorescence quantum yields were determined in chloroform at 25 oC , the values (r 0.010.03) 
are relative to that of 9,10-diphenylanthracene (0.90 in cyclohexane).  
 
The normalized absorption spectra of 5 and pyrenes 1 are shown in Figure 5.5. For 
the pyrenes 1, the absorption spectra is almost identical compared to that of the parent 
pyrene,15 three sharp absorption bands were observed in the region 300-350 nm. The 
slight bathochromic shift should be ascribed to the increased S-electron density on the 
pyrene ring arising from the two tert-butyl groups at 2,7-positions. As a comparison, for 
pyrenes 5, the UV-vis absorption spectra are normalized using the pyrenes 1 absorption 
bands as reference. The absorption spectra of the hand-shaped monomers exhibit two 
prominent absorption bands. The first band is attributed to the S-S transition of the 
core (pyrene with a certain extension) with absorption maximum of at ~420, 434, and 
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439 nm for 5a, 5b, and 5c, respectively (Table 5.1), which are largely bathochromic 
red-shifted by 81±100 nm due to the extended conjugation of the pyrene chromophore 
with the introduction of these five phenylacetylenic units at 4-, 5-, 7-, 9-, and 
10-positions. The S-S transition of an unsubstituted pyrene ring and 2,7-di-tert-butyl- 
pyrenes 1 are located at 336 nm and 339 nm, respectively, while that of 1,3,6,8- and 
4,5,9,10-tetrasubstituted conjugated pyrenes (for instance with phenyl and 
phenylethynyl groups) appear in the visible region (~395-415 nm). The much redder 
core absorption in pyrenes 5 reveals that the monomers are highly conjugated. The 
second band is assigned to the absorption of the substitutents with a maximum 
absorption peak at 328 nm, 352 nm, and 349 nm, for 5a, 5b, and 5c, respectively. 
Additionally, among compounds 5, the p-methoxyl-subtituted phenylethynylpyrenes 5c 
displayed the largest bathochromic shift in the absorption bands, which should be 
ascribed to the most electron-donating ability of methoxyl group compared to that of the 
-H and -tert-butyl groups. 
 
 
 
F igure 5.5 Normalized UV-Vis absorption spectra of 5a-c recorded in CH2Cl2 at ~ 10-5 M 
concentration at 25 0C , compared with that of pyrenes 1. 
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 The normalized PL emission spectra of monomers 5, in dilute dichloromethane 
solutions (~ 10-6 M), excited with a wavelength within the range of the substituents 
absorption band (260-350 nm), are shown in Figure 5.6. The emission peaks were 
independent of excitation wavelength, and were similar to their absorption spectra. 
Three monomers 5 exhibit narrow PL emission spectra with a full width at half- 
emission maximum (fwhm) of about 30 nm and main emission peaks located at 442 nm, 
450 nm, and 458 nm with a shoulder peak at 460 nm, 467 nm and 478 nm, for 5a, 5b 
and 5c, respectively, which are attributed to the emission of the pyrene core.  
   All the synthesized monomers were highly fluorescent in solutions. The PL quantum 
yields were measured in degassed chloroform solutions at 25 oC using 9,10- 
diphenylanthracene (DPA, ) = 0.90 in cyclohexane)16 as a standard. The PL quantum 
yields of these monomers were in the range of 0.46-0.76, which became much higher 
than that of pyrenes 1 with the introduction of phenylacetylic groups. Moreover, 
compound 5c exhibited higher quantum yield than those of 5a and 5b. The difference of 
quantum yields might be that the most electron-donating methoxyl groups could 
maintain the highest efficient energy transfer during the excitons migration compared to 
that of ±H and ±tert-butyl groups.17 
 
F igure 5.6 Normalized fluorescence-emission spectra of 5a-c recorded in CH2Cl2 at ~ 10-6 M 
concentration at 25 oC  
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5.2.3.2 U V-Visible Absorption Spectra and F luorescence-emission Spectra of 
Mono-, Bis-, Tetra- and Penta-phenylethynyl-substituted pyrenes 
 
In order to gain the structure-property relationships on the photophysical properties 
and the number of the substitutents, studies on photophysical properties between the 
current hand-shaped 4,5,7,9,10-pentakis-phenylethynyl-substituted conjugation 
monomers (e) and previously reported linear-shaped 4-mono- (a) and 4,9- 
bis-phenylethynyl-substituted (b), banana-shaped 4,10-bis-phenylethynyl-substituted 
(c), and cruciform-shaped 4,5,9,10-tetrakis-phenylethynyl-substituted (d) monomers 
are examined, and the optical data are summarized in Table 5.2.  
In the normalized absorption spectra of the mono- to pentakis-phenylethynyl- 
substituted pyrene monomers a, b, c, d, and e two distinct bands, one in the visible 
region (350-475 nm) and the other in the UV region (280-350 nm), were observed 
(Figure 5.7). 
 
 
 
F igure 5.7 Normalized absorption spectra of phenylethynyl-substituted pyrenes recorded in 
dichloromethane: (a) 4-mono-(4-methoxyphenylethynyl)pyrene, (b) 4,9-bis(4-methoxyphenyl- 
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ethynyl)pyrene, (c) 4,10-bis-(4-methoxyphenylethynyl)pyrene, (d) 4,5,9,10-tetrakis-(4-methoxy- 
phenylethynyl)pyrene, (e) 4,5,7,9,10-pentakis-(4-methoxyphenylethynyl)pyrene at ~ 10-5 M 
concentration at 25 0C .  
  
   The absorption in the visible region is due to the S-S* transition of the pyrene core 
and showed gradually red-shifts of up to 29-100 nm as the number of substitutents 
increased compared with the unphenylethynyl-substituted pyrenes 1, and also in accord 
with other phenylethynyl-substituted pyrenes, for example, 1,3,6,8-tetrakis-(4- 
methoxyphenyl ethynyl)pyrene (477 nm, in chapter 4). Additionally, the fine structure 
of the pyrenes 1 absorption spectrum was lost due to the introduction of substitutents 
arising from the extensive conjugation. The absorption bands in the UV region can be 
predominantly attributed to the phenylethynyl substitutents.  
 
Table 5.2 Optical absorption and emission spectroscopic data for compounds a-e in 
various solvents (~ 10-5 ± 10-6 M) at room temperature.a 
Compound            Structure                    Absorption              Fluo. Emission    stokes-shift        P. L.Q.Y. [c]
Omax [nm]                Omax [nm][b] [nm]
O Me
MeO
O MeMeO
O Me
O MeMeO
O MeMeO
O MeMeO
O MeMeO
O Me
368
378
372
415
439
a
b
c
d
e
390
398
401
453
458
22
20
29
38
19
0.38
0.83
0.68
0.98
0.86
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a All measurements were performed under degassed conditions. b ~ u 10-5 M in different 
solvents that mentioned above, Oabc is the absorption band appearing at the longest wavelength. 
c ~ u 10-6 M in different solvents that mentioned above, Oex is the fluorescence band appearing 
at the shortest wavelength. d F luorescence quantum yields, the values (r 0.010.03) are relative 
to that of diphenylanthracene (0.90 in cyclohexane).  
    
   The normalized fluorescence emission spectra of a-e (Figure 5.8), obtained on 
excitation of the pyrene core at wavelength within the range of the substituents 
absorption band (280-350 nm) displayed a broad emission bands at 390, 398, 401, 453, 
and 458 nm, gradually red-shifted compared to the emission of pyrenes 1 (378 nm, 
chapter 3). Interestingly, the emission spectra of a, b, and c show a similar pattern with 
a slight red-shift as the number of phenylethynyl groups compared to pyrenes 1, 
however, the emission spectra of d and e are quite different. The difference in the 
emission spectra of a-e can be explained that there is a different conjugation pathway in 
these new molecular systems. 
   Accordingly, this result suggests that more effective conjugation in series a-e occurs 
by increasing the number of substituents. This result also suggests that the 
photophysical properties of these systems depend on not only the number of 
substituents but also on the position of substitution. 
 
Jian-yong Hu                               Saga University, Japan 
- 100 - 
 
F igure 5.8 Normalized emission spectra of phenylethynyl-substituted pyrenes recorded in 
dichloromethane: (a) 4-mono-(4-methoxyphenylethynyl)pyrene, (b) 4,9-bis(4-methoxyphenyl- 
ethynyl)pyrene, (c) 4,10-bis-(4-methoxyphenylethynyl)pyrene, (d) 4,5,9,10-tetrakis-(4-methoxy- 
phenylethynyl)pyrene, (e) 4,5,7,9,10-pentakis-(4-methoxyphenylethynyl)pyrene at ~ 10-6 M 
concentration at 25 0C .  
 
 
¾ 5.3 Conclusion 
In conclusion, by using a modified Sonogashira coupling reaction, a new series of 
hand-shaped conjugation monomers that bear a pyrene as the central core and five arms 
consisting of p-functionalized phenylacetylene groups have been prepared to show 
unique patterns in photophysical properties. These molecules emit bright blue 
fluorescence with high stability and good solubility in common organic solvents, and 
hence they were promising blue organic light-emitting materials in the fabrication of 
OLEDs device. 
 
 
¾ 5.4 Exper imental Section 
General Remarks: 
All melting points are uncorrected. The 1H NMR spectra were recorded at 300 MHz on a 
Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with TMS as an internal 
reference. The IR spectra were obtained as KBr pellets on a Nippon Denshi JIR-AQ2OM 
spectrometer. UV/Vis spectra were obtained with a Perkin Elmer Lambda 19 UV/VIS/NIR 
spectrometer in various organic solvents. Fluorescence spectroscopic studies were performed in 
various organic solvents in a semimicro fluorescence cell (Hellma, 104F-QS, 10×4 mm, 
1400PL) with a Varian Cary Eclipse spectrophotometer. Fluorescence quantum yields were 
measured using absolute methods. Mass spectra were obtained on a Nippon Denshi 
JMS-HX110A Ultrahigh Performance Mass Spectrometer at 75 eV using a direct-inlet system. 
Elemental analyses were performed with Yanaco MT-5. 
 
Materials: Preparation of 2,7-Di-tert-butylpyrene (1) and 4,5,9,10-tetrabromopyrene (2) was 
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previously described.  
 
Synthesis of 2-Tert-butyl-4, 5, 7, 9, 10-pentabromopyrene (3) 
To a mixture of 2, 7-Di-tertbutylpyrene (500 mg, 1.6 mmol), dry CH2Cl2 (250 ml) and 250 mg 
iron-powder, a solution of Br2 (1 g, 8.7 mmol) and CH2Cl2 (25 ml) was added drop wise over 1 
h at 0 oC with stirring. After the addition, the mixture was heated to room temperature and 
stirring for 8 h. After reaction, the mixture was poured into a large amount of ice-water. The 
organic layer washed successfully with 10% aq. sodium thiosulfate (50 ml) and water (100 ml u 
2), brine, dried (Na2SO4), and concentrated. The residue was washed with hexane (100 ml) and 
filtrate to remove the by-products. Then, the precipitate was successively washed with CH2Cl2 
(50 ml) to give 3 as a white solid (886 mg, 85 %). 
m.p. > 300 0C 
1H NMR(CDCl3į = 1.64 (9H, s), 8.86 (2H, s), 8.90 (2H, s) 
-FAB HRMS: m/z:Calcd. For C20H13Br5 [M+] 652.84; Found 652.75 
-Elemental Analysis: Calcd. C20H13Br5 C, 36.80; H, 2.01; Br, 61.62;  
Found. C, 36.56; H, 2.02; Br, 61.32 
 
General Procedure for the Sonogashira coupling reaction towards the synthesis of 5a-c:         
4,5,7,9,10-pentabromopyrene compound 3 (0.32 mmol), [PdCl2(PPh3)2] (0.016 mmol), CuI 
(0.016 mmol), PPh3 (0.032 mmol) and the phenylacetylenes 4 (2.56 mmol) were added to a 
degassed solution of DMF (10 mL) and Triethylamine (10 mL) under argon. The resulting 
mixture was stirred at 100 0C for the time mentioned in the individual cases. The reaction 
mixture was then cooled to room temperature and quenched with Et2O and extracted. Solvent 
was removed to give the crude reaction mixture, which was further worked up as indicated in 
the individual cases. 
 
Synthesis of 2-Tert-butyl-4, 5, 7, 9, 10-pentakis-phenylethynyl-pyrene (5a) 
To a stirred mixture of pentabromopyrene (100 mg, 0.15 mmol), Et3N (10 ml) and DMF (10 ml), 
added PdCl2(PPh3)2 (22 mg, 0.0154 mmol) and CuI (6 mg, 0.0154 mmol) stirring for 30 minutes 
at 0 oC under argon. Then, added phenylacetylene (123 mg, 1.2 mmol), the mixture was heated 
to 100 oC with stirring for 24 h. After cooling, the mixture was diluted into CH2Cl2 (200 ml) and 
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washed successfully with saturated NH4Cl solution, H2O and brine. The organics were dried 
(Na2SO4) and evaporated. The crude products washed with ethyl acetate (50 ml) and separated 
by filtration, the filtrate was completely dissolved in CH2Cl2 and purified by column 
chromatography eluting with hexane : toluene ( 5:1 ) and recrystallization with hexane to gave 
the desired product as a orange solid (32 mg,  28%).  
m.p. > 300 oC  
1H NMR (CDCl3) G = 8.89 (2H, s, Py-H6,8), 8.83 (2H, s, Py-H1,3), 7.82-7.62 (15H, m, Ar-H), 
7.44-7.36 (10H, m, Ar-H), 1.67 (9H, s, tBu) 
IR (KBr cm-1): 2198. -FAB HRMS: m/z:calcd. For C60H38 [M
+] 758.94; Found: 758.36. 
-Elemental Analysis:  C60H38 Calcd. C, 94.95; H, 5.05; Found. C, 94.88, H, 5.12. 
 
Synthesis of 2-Tert-butyl-4, 5, 7, 9, 10-pentakis-(4-tert-butyl-phenylethynyl)-pyrene (5b) 
To a stirred mixture of pentabromo-pyrene (200 mg, 0.30 mmol), Et3N (10 ml) and DMF (10 
ml), added PdCl2(PPh3)2 (44 mg, 0.03 mmol) and CuI (12 mg, 0.03 mmol) stirring for 30 
minutes at 0 oC under argon. Then, added 4-tert-butyl-phenylacetylene (380 mg, 2.4 mmol), the 
mixture was heated to 100 oC with stirring for 48 h. After cooling, the mixture was diluted into 
Et2O (150 ml) and washed successively with saturated NH4Cl solution (100 ml), H2O and brine. 
The organics were dried (Na2SO4) and evaporated. The crude products were purified by column 
chromatography eluting with hexane and recrystallization with hexane to give the desired 
product as an orange solid (95 mg, 31%). 
m.p. > 300 oC. 1H NMR (CDCl3) G = 1.37 (9H, s, tBu), 1.39 (36H, s, tBu), 1.68 (9H, s, tBu), 
7.41-7.51 (10H, m, Ar-H), 7.63-7.78 (10H, m, Ar-H), 8.86 (2H, s, Py-H1,3), 8.91 (2H, s, Py-H6,8)  
IR (KBr cm-1): 2956, 2199, 1652, 1504, 1267, 1016, 879, 833, 761, 559. 
-FAB HRMS: m/z:calcd. For C80H78[M
+] 1039.48; Found: 1038.67.       
-Elemental Analysis: Calcd. C80H78 C. 92.44; H, 7.56; Found. C, 92.26; H, 7.46.      
 
Synthesis of 2-Tert-butyl-4,5,7,9,10-pentakis-(4-methoxy-phenylethynyl)-pyrene (5c) 
To a stirred mixture of pentabromopyrene (100 mg, 0.15 mmol), Et3N (5 ml) and DMF (10 ml), 
added PdCl2(PPh3)2 (22 mg, 0.0154 mmol) and CuI (6 mg, 0.0154 mmol) stirring for 30 
minutes at 0 oC under argon. Then, added 4-ethynylanisole (162 mg, 1.2 mmol), the mixture 
was heated to 100 oC with stirring for 48 h. After cooling, the mixture was diluted into CH2Cl2 
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(200 ml) and washed successfully with saturated NH4Cl solution (100 ml), H2O and brine. The 
organics layer were dried (MgSO4) and evaporated. The crude products were washed with ethyl 
acetate (15 ml) and purified by column chromatography eluting with hexane : CH2Cl2 = 9: 1 
and recrystallization with ethyl acetate to give the desired compound as a yellow crystal (55 mg, 
40%). 
m.p. > 300 oC 
1H NMR (CDCl3) G = 8.89 (2H, s, Py-H6,8), 8.86 (2H, s, Py-H1,3), 7.77-7.63 (10H, m, Ar-H), 
6.99-6.94 (10H, m, Ar-H), 3.89 (12H, s, OMe), 3.88 (3H, s, OMe), 1.68 (9H, s, tBu) 
IR (KBr cm-1): 2954,2196, 1742, 1605, 1505, 1251, 1172, 1031, 831, 537. 
-FAB HRMS: m/z:calcd. For C65H48O5 [M+] 909.07; Found: 908.34. 
-Elemental Analysis: Calcd. C56H42O5  C. 85.88; H, 5.32; O, 8.80; Found. C. 85.82, H. 5.26. 
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Chapter 6 
 
 
Synthesis and Photophysical Properties of Pyrene-based 
O rganic Blue L ight-Emitting Monomers via Suzuki Coupling 
Reactions 
 
 
¾ Abstract 
Three types of highly blue fluorescent and stable pyrene-based monomers (8-15) that 
composed of substituted fluorenyl or substituted pyrenyl and pyrene central core have 
been synthesized and fully characterized in this chapter. These monomers are prepared 
from the reactions of 1-mono-, isomer 1,6-,and 1,8-di-, or 1,3,6,8-tetra-bromopyrenes 
compounds with fluorenyl- or pyrenylboronic ester by using a modified Suzuki 
cross-coupling reaction in elegant yield (45±85%). All compounds have a good 
solubility and high thermal stability with melting point up to 240 oC . They show high 
extinction coefficients of absorption (Amax | 346 - 395 nm) and high quantum yields 
(Omax | 402 ± 464 nm; )F | 0.75 ± 0.99) in dichloromethane solutions. They emit strong 
fluorescence in the visible region from deep-blue to sky-blue along with the increasing 
number of substituents. These data strongly indicate their potential application as host 
blue-emitting materials in organic light-emitting devices (OLEDs). 
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¾ 6.1 Introduction  
Since Tang and co-workers constructed the first application of the multilayer 
thin-film structures in organic light-emitting diodes (OLEDs), OLEDs have attracted a 
great deal of attention due to their potential application in full-color flat-panel 
displays.1-4 During the past several years, numerous progresses have been achieved in 
this field. Complementary to the optimization of device structure, another key approach 
for developing marketable OLEDs is the development of high-performance EL 
materials with desirable properties. In recent years many new materials with RGB (red, 
green, blue) emission have been developed to meet the requirements of full-color 
displays. However, compared to the developments of red- and green-light-emitting 
materials, many efforts are still needed to further improve the performance of blue 
light-emitting materials. Because of their high energy levels, excellent blue-light 
emission, but also facilitate white and other color emissions by adding another dopant 
emitter. Therefore, there is substantial interest to design and synthesize novel 
high-performance blue-light-emitting materials with good stability and high 
fluorescence efficiency. 
Recently, fluorene-based compounds have achieved great potential applications,5 
such as highly thermal stable and efficient emissive materials for OLEDs and carrier 
transport materials for FETs.6 Chemically, fluorene derivatives are interesting since they 
contain a rigid biphenyl plane and the facial substitution at the C9 site, which provides 
the possibility of improving the solubility and processability, and of controlling 
interchain interactions to inhibit excimer formation in the excited state.7-8 On the other 
hand, pyrene, a flat aromatic molecule, the fluorescence properties of pyrene are well 
known9 and characterized by long excited-state lifetimes10 and distinct solvatochromic 
shifts,11 and the emission is pure blue to permit ready exploitation as an emissive 
materials in organic light emitting diodes (OLEDs). However, Pyrene exhibits 
characteristic excimer formation in concentrated solutions and in the solid state. Several 
efforts12 are currently underway to modulate the photophysical properties of pyrenes; 
For example, 1,3,6,8-tetraphenylpyrene (TPPy) is highly fluorescent () ca. 0.9) in 
solution,13 and the organic light emitting field-effect transistor devices (OLEFET) based 
on TPPy have shown to exhibit electroluminescence (EL) with an external quantum 
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efficiency of only 0.5% due to aggregation.14 More recently, several pyrene-containing 
molecules turned out to be promising candidates for several applications such as organic 
light-emitting diodes (OLEDs) (Figure 6.1).15 
Fluorene-pyrene-based blue  OLEDs  materials15b
Me
Me
Dipyrenyl Benzenes15f
RO
Fluorene-pyrene-based blue  OLEDs  materials15c,d
O Me
O Me
 
F igure 6.1 Chemical structures of some pyrene-containing OLED Materials 
 
Accordingly, in this chapter, three types of fluorenyl- or pyreneyl-substituted 
pyrenes derivatives monomers, namely, 1-mono-fluorenyl-substituted pyrenes 8, isomer 
of 1, 6-bis-, and 1, 8-bis-fluorenyl-substituted pyrenes 9/10, and 1, 3, 6, 8-tetrakis- 
fluorenyl-substituted pyrenes 11; 1-mono-pyrenyl-substituted pyrenes 12, isomer of 1, 
6-bis-, and 1, 8-bis-pyrenyl-substituted pyrenes 13/14, and 1, 3, 6, 8-tetrakis- 
pyrenyl-substituted pyrenes 15 were respectively designed, synthesized and fully 
characterized. Consequently, pyrene was chosen as a S-conjugation center core because 
of its excellent fluorescence properties,9 its electron-acceptor nature,16,17 and its good 
performance in solution.13d The substituted fluorenyl groups were introduced into 
pyrene molecules due to its high solution and solid-state photoluminescence (PL) 
quantum yields,18 and in order to block the interchain interaction and to improve the 
solubility, and thermal stability, two long alkyl group were introduced at C9 position of 
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fluorene moiety.19 On the other hand, the substituted pyreneyl groups were also 
introduced because they are highly emissive, bulky, and rigid, and expected to improve 
the fluorescence quantum yield and thermal stability.  
Consequently, the first motivation for the design of these materials is to establish 
the proper structure-property relationships between the S-center pyrene core and the 
increasing number of substituents or the different substituents. The second motivation is 
to combine the solubility and thermal stability of 9, 9-bis-alkylfluorene section with the 
high efficiency, high carrier mobility and hole-injection advantage of large planar 
aromatic rings and to expect to purchase several promising host blue light-emitting 
materials or hole-transport materials with high-performance properties towards 
full-color OLEDs applications.  
 
 
¾ 6. 2 Results and Discussion 
6. 2. 1 Synthesis 
   Recently, most aryl-substituted pyrenes at most active positions, where aryl function 
group is phenyl,14 naphathrenyl,14 thienyl20 or some other groups21 have been 
synthesized by Suzuki coupling reactions22 (Figure 6.2). Herein, three new types of 
fluorenyl or pyrenyl-substituted pyrene derivatives 8-15 were prepared according to this 
method. The synthetic routes are shown in Scheme 6.1, Scheme 6.2, and Scheme 6.3 
respectively. 
1-PPy 1,6-DPPy
1 1
6
18
1,8-DPPy
18 18 18
36 6 3 36
TPPy T NPy T TPy
S
S
S
S
 
F igure 6.2 Structures of several aryl-substituted pyrene derivatives 
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   Bromopyrenes (2-4) were prepared according to the literatures procedures.23 
Consequently, bromination of pyrene 1 with 1 to 4 equivalents of bromine gave the 
several mono-, di-, and tetra-bromopyrenes, namely, 1-bromopyrene 2, a mixture of 1, 
6-di- and 1, 8-dibromopyrene 3a, 3b, and 1, 3, 6, 8-tetrabromopyrene 4, respectively 
(see Scheme 6.1). Although attempted separation of the mixture of 1, 6- and 1, 
8-dibromopyrene compounds (3a and 3b) into each pure failed, the isomer of 1, 6-di- 
and 1, 8- di-bromopyrene (3a and 3b) was directly used to carry out next Suzuki 
coupling reaction.   
 
Scheme 6.1 Synthesis of bromopyrenesa 
 
1
a
Br
Br
Br
b
c
Br
Br
Br
Br
1
+
Br
Br
1
6
1
8
13
6 8
2
3a 3b
4  
 
aReagents and conditions: (a) NBS, DMF, r. t. 24 h, 85%; (b) DBMH , CH2Cl2, r .t. 1 
h, 97%; (c) Br2, nitrobenzene, 120 oC , 12 h, 96%. 
    
  The detailed synthesis of the two boronic esters, 6 and 7, is sketched in Scheme 6. 2. 
For example, compound 5 was obtained by our previously reported procedure,24 
underwent halogen-lithium exchange with n-BuLi at -78 oC in THF and subsequent 
reaction of the anion with B(OMe)3 gave the corresponding pyrene boronic acid, whose 
esterification with pinacol afforded the target boronic ester 6 (55% yield) as a white 
solid.15a Similarly, the fluorene boronic ester 7 was also obtained in 65% yield as white 
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solid according to literatures process.25 The structures of these two compounds were 
determined on the basis of their elemental analysis and spectral data. 
 
Scheme 6.2 Synthesis of fluorenyl/pyrenylboronic estera 
 
2
i
Br B
5 6
Br
ii
O
O
Br
ii
B
O
O
7  
 
 a Reagents and conditions: (i) tBuCl, AlCl3, r. t. for 3 h, 92%; (ii) (1) n-BuLi, TH F , -78 oC , 2 h, 
(2) B(OMe)3, TH F , -78 oC , to room temp., 36 h, (3) 2 M HCl, (4) pinacol/CH2Cl2; 48 h. 
     
    Suzuki coupling reaction was employed between the monobromopyrene 2, 
tetrabromopyrene 4 and the fluorene boronic ester 6 under a modified conditions 
reaction15a to afford the desired compounds, fluorenyl-subsituted pyrenes 8 and 11 in 
75% and 82% yields, respectively. Similarly, the pyrenyl-subsituted pyrenes compounds 
12 and 15 were obtained in 72% and 66% yields under same conditions, respectively. 
On the other hand, to obtain 9/10 and 13/14, the mixture of 3a and 3b was reacted with 
fluorene boronic ester 6 or pyrene boronic ester 7 in 65% and 67% yields, respectively 
(see Scheme 6. 3). Both the mono- or tetrakis-fluorenyl-substituted pyrenes (8 and 11) 
and the mono- or tetrakis-pyrenyl-subsituted pyrenes (12 and 15) were successfully 
purified by flash column chromatography. It should be emphasized here that, despite 
the different molecular symmetry, the photophysical properties of several isomers of 
1,6-, and 1,8-di-phenylethynyl-substituted pyrenes are almost equivalent, which is 
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similar to the presence of anti and syn isomers in recent studies.26 Thus, although 
several attempted isolation of the mixture of 1,6-bis- and 1,8-bis-fluorenyl- or 
pyrenyl-substituted pyrenes (9/10 and 13/14) in each pure failed, the two mixture of 
compounds, 9/10 and 13/14 were directly used to determine their photophysical 
properties. 
 
Scheme 6.3 Synthesis of fluorene-pyrene-based compounds 8-15a 
 
R1
R4R3
R2
2:   X1 = B r , X2 = X3 = X4 = H
3a: X1 = X3 = B r , X2 = X4 = H
3b: X1 = X4 = B r , X2 = X3 = H
4:   X1 = X2 = X3 = X4 = B r
8: R1 = A , R2 = R3 = R4 = H
9: R1 = R3 = A , R2 = R4 = H
10: R1 = R4 = A , R2 = R3 = H
11: R1 = R2 = R3 = R4 = A
a
A
B
Bromination
X1 X2
X3X4
R1'
R4'R3'
R2'
12: R1' =B , R2' = R'3 = R4' = H
13: R1' = R3' =B , R2' = R4' = H
14: R'1 = R4' = B , R2' = R3' = H
15: R1' = R2 '= R3' = R4' = A
1
 
a Reagents and conditions: (a) fluorenyl (A) or pyrenyl (B) boronic acid, Pd(PPh3)4, Toluene, 
K2CO3 (2 M, aq.), reflux for 48 h. 66-82%. 
 
   The structures for these pyrene-based S-conjugated compounds 8-15 were fully 
characterized by basis on their 1H NMR, Mass spectroscopy and elemental analysis. In 
particular, due to their D2d point-group symmetric structures, their 1H NMR spectrum of 
these tetrakis-fluorenyl- and pyrenyl-substituted pyrene derivatives 11 and 15 are more 
simple than that these asymmetrical compounds 8 and 12, for example, compound 1, 3, 
6, 8-tetrakis(7-tert-butylpyrenyl)pyrene 15 display two singlet at G = 8.38 and 8.27 ppm 
for the pyrene ring protons at 4-, 5-,  9-, and 10- positions and 2- and 7-positions, 
respectively, many peaks in the region at G = 7.70-8.25 ppm for the substituted pyrenyl 
protons, and the protons of the four tert-butyl groups appear as a singlet at G = 1.55 ppm.  
Simultaneously, the structures of 8-11 and 12-15 were also established on the basis of 
the base peak molecular ion at m/z 506, 811, 1420 and 458, 714, 1127 in their mass 
spectrum. All results were consistent with the proposed structures. On the other hand, 
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these three types of fluorene-pyrene-based pyrenes (8-11 and 12-15) are a stable solid 
that can be stored in air at room temperature for a prolonged period of time. All these 
compounds have a good solubility in all the common organic solvents including hexane 
with high melting point but except for the isomer of 1,6-bis-, and 1,8-bis-pyrenyl- 
substituted pyrenes (13/14) has a limited solubility in organic solvents. 
 
 
 
 
 
 
 
6. 2. 2 X-Ray Molecular Structure and C rystal Packing of 11 
 
The molecular structure of compound 11 was further confirmed by single-crystal 
X-ray analysis.27 The crystals were grown by slow evaporation of a CHCl3/CH2Cl2 
solution. This monomer was obtained as green needles and provided excellent quality 
data. The crystallographic data for this monomer are presented in Table 6.1. 
Structure diagrams of compound 11 are shown in Figure 6.3. The molecule lies on a 
non-fold axis; thus all is crystallographically unique. The four fluorenyl rings are not 
co-planar with the central pyrene ring with several twist angles for ring C9 > C10, C32 
> C33, C63 > C64 and C86 > C87, relative to the central, planar pyrene core, 
respectively 
Interestingly, WKHUHLVQRʌ-ʌVWDcking anywhere in the structure due to the presence 
of the bulky 9,9-disubstituted fluorenyl groups attached on the pyrene ring at the 1, 3, 6 
and 8-positions (Figure 6.4) 
Thus, because efficient S-stacking in organic emitting molecules can lead to 
extensive excimer formation in the solid state or thin films, and a consequent shift in the 
emission spectrum and reduction in quantum yield of fluorescence,  the no S--stacking 
in crystals of these present new pyrene monomers indicates that they should be robust 
blue-light-emitting materials. 
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Table 6.1 Summary of the crystal data of compound 11. 
Parameter 11 
Empirical formula C108H122 
Formula weight [g  mol-1] 1420.06 
Temperature [K] 
Wavelength [Å] 
Crystal system 
Space group 
Crystal color and size [mm3] 
a  [Å] 
b  [Å] 
c  [Å] 
D  [°] 
E  [°] 
J  [°] 
Volume [Å3] 
Z 
Density, calcd [g m-3] 
Absorption coefficient [mm-1] 
F(000) 
ș range for data collection [°] 
Reflections collected 
Independent reflections 
Reflections with F2>2V
Rint 
Restraints/parameters 
Goodness-of-fit on F2 
Final R indices [F2  
R indices (all data) 
Extinction coefficient 0.0080(11) 
Largest and mean shift/su 0.003 and 0.000 
Largest diff. peak and hole 0.653 and 0.446 e Å3 
150(2) 
0.71073 
triclinic 
PC1 
yellow, 0.61 u 0.30 u 0.06             
14.105(4) 
17.258(5) 
19.659(6) 
114.613(4)° 
99.895(4)° 
92.315(4)° 
4252(2)  
2 
1.109  
0.062 
1540 
1.68 to 23.00° 
23833 
11770 
5167 
0.0764 
11770 / 279 / 1033 
0.989 
R1 = 0.0815, wR2 = 0.2101 
R1 = 0.1832, wR2 = 0.2746 
0.0080(11) 
.003 and .000 
0.653 and 0.446 e Å3 
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(i) 
     
(ii) 
F igure 6.3 X-ray structure diagrams of compound 11 (i) top view; (ii) side view. 
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F igure 6.4 Packing diagrams of compound 11 (view parallel to b no S-S stacking in anywhere). 
 
 
6.2.3 Photoluminescence properties in solution 
 
6.2.3.1. U V-vis absorption and F luorescence-emission spectra of 8-15 
   The UV/Vis and fluorescence spectroscopic properties data of these three types of 
fluoren-pyrene-based pyrenes 8-11 and 12-15 were measured in dichloromethane 
(CH2Cl2) at 25 oC and the corresponding data are summarized in Table 6.2, respectively. 
 
Table 6.2 Optical absorption and emission spectroscopic data for compounds 8-11 and 
pyrene (1).a 
(I) Photophysical data of compounds 8-11 and pyrene (1).a 
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Compd           Structure            Absorption           Fluo. Emission            logH [d]               stokes-shift        P. L.Q.Y. [e]
Omax [nm][b] Omax [nm][ c] [M-1 cm-1]            [nm]
1 
8
9/10
11
336
349
371
397
374
405
427
456
nd
4.75
4.75
5.31
38
56
56
59
nd
0.93
0.98
0.75
+
 
 
(II) Photophysical data of compounds 12-15 and pyrene (1).a 
Compd           Structure            Absorption           Fluo. Emission            logH [d]               stokes-shift        P. L.Q.Y. [e]
Omax [nm][b] Omax [nm][ c] [M-1 cm-1]            [nm]
1 
12
13/14
15
336
349
357
397
374
435
451
466
nd
4.79
4.89
5.24
38
86
94
69
nd
0.99
0.96
0.94
+
 
aAll spectra were recorded for ~ 10-5 ± 10-6 M concentration in dilute CH2Cl2 solution at room 
temperature. [b] at ~ 10-5 M, Oabs is the absorption band appearing at the longest wavelength. 
[c] at ~ 10 -6 M, Oabs is the fluorescence band appearing at the shortest wavelength. [d] which 
were calculated at concentration of 1 x 10-5 M. [e] F luorescence quantum yield, determined at 
1.0 x 10-6 M concentration, relative that of 9,10-diphenylanthrathcene (0.90 in cyclohexane). 
[nd] no determination. 
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   As shown in Figure 6.5a., the absorption spectra of these fluorenyl-substituted 
pyrenes 8, 9/10 and 11 show a S - S* band at ~ 349 ± 397 nm, the absorption maxima of 
8 (349 nm) and 11 (397 nm) are significantly red-shifted ca. 10 nm and ca. 60 nm 
compared with that of unsubstituted parent pyrene 1 (336 nm) respectively, and in the 
case of 9/10, the absorption spectra maxima (371 nm) is red-shifted about 35 nm from 
that of pyrene 1. Similarly, for these pyrenyl-subsituted pyrenes 12, 13/14 and 15, the 
S-S* maxima band were observed at 349, 357 and 397 nm, respectively, which are 
gradually red-shifted about 13, 21 and 63 nm from that of unsubstituted parent pyrene 1 
along with the increasing number of pyrenyl substituents (Figure 6.5b). From the 
mono-substituted pyrenes 8/12 to the tetrakis-substituted pyrenes 11/15, the absorption 
spectrum shows gradually red-shift due to the increasing of conjugation length, 
resulting from the increasing number of the substituents in the case of both 
fluorenyl-substituted pyrenes and pyrenyl-substituted pyrenes. In additional, both 
fluorenyl-substituted pyrenes (8-11) and pyrenyl-substituted pyrenes (12-15) have a 
quite different absorption spectra characteristic due to the introduction of different 
substitutuents. This result is manner with in fact that the four benzene rings composed 
rigid pyrene ring has a larger planar conjugated aromatic molecule than that of biphenyl 
composed rigid fluorene ring. These results further indicate that there is a significant 
effect between the photoproperties of S-conjugation molecules systems and the 
increasing number of substituents or substituents characterstics. 
  
                   (a) 
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                                    (b) 
F igure 6.5 a) UV-Vis absorption spectra of compounds 8, 9/10 and 11; b) UV-Vis absorption 
spectra of compounds 12, 13/14 and 15; All compounds are measured in dichloromethane at ~ u 
10-5 M concentration at 25 oC , compared with that of unsubstituted pyrene (1). 
 
  When excited, dilute solutions of 8-15 in dichloromethane solutions shown high 
fluorescence from deep-blue to sky-blue emission (Figure 6.6). In all of the fluorescence 
spectra, only one strong emission bands are seen in the visible region, which indicates 
that the emission occurs from the lowest excited state with the largest oscillator strength. 
The emission spectra show systematic bathochromic red-shifts with the conjugation 
length increase arising from the increasing number of substituents, both in the case of 
fluorenyl-substituted pyrenes (8-11) and in the case of pyrenyl-substituted pyrenes 
(12-15), that is, 8< 9/10 < 11 and 12 < 13/14 < 15, implying that the energy gap between 
ground and excited states decreases in this order (Table 6.2). For example, the emission 
maxima of the fluorenyl-substituted pyrenes, 8, 9/10, and 11, consecutively shifted to 
longer wavelengths at 402, 427 and 456 nm, in a manner similar to their absorption 
maxima, respectively. Similarly, the fluorescence spectra of the pyrenyl-substituted 
pyrenes, 12, 13/14 and 15, are also varied at 432, 451 and 464 nm respectively, in 
agreement with the electronic absorption spectra. These results are also observed in 
some carbozole-based dendrimers28 and several phenylethynyl-substituted pyrenes 
derivatives.29, 30 
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  The fluorescence quantum yields ()F) of 8 -15 recorded in dichloromethane are listed 
in Table 6.2, along with their absorption (Amax) and emission (Omax) maxima. The )F 
values of 8-15 were found in the range of 0.75-0.99 relative to that of 9, 
10-diphenylanthrathcene (0.90 in cyclohexane).31 
  
(a) 
 
      
(b) 
 
F igure 6.6 a) Normalized fluorescence-emission spectra of compounds 8, 9/10 and 11; b) 
Normalized fluorescence-emission spectra of compounds 12, 13/14 and 15. All compounds are 
measured in dichloromethane at ~ u 10-6 M concentration at 25 °C , compared with that of 
unsubstituted pyrene (1). 
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6.2.3.2 Photophysical properties of compounds 8/11 and 12/15 in different solvents. 
   In order to obtain the detailed electronic spectroscopic properties of these 
fluorene-pyrene-based pyrenes derivatives, the influence of solvents on the UV-vis 
absorption and fluorescence emissions were investigated. The mono-, and 
tetrakis-fluorenyl-substituted pyrenes 8 and 11, and the mono-, and tetrakis- 
pyrenyl-substituted pyrenes 12 and 15 were selected to as representative compounds, 
and their optical absorption and emission spectroscopic data measured in various 
solvents are listed in Table 6.3. 
   As mentioned in chapter 4, the solvatochromitic effect is not only depends on 
molecular structure, but also depends on the nature of the chromophore, and the 
solvents.31 Each monomer shows a slight positive solvatochromism in their absorption 
spectra and emission spectra (see Table 6. 3 and F igure 6.7-10), respectively. For 
example, a change in solvent from non-polar cyclohexane to polar DMF causes only a 
very slight positive solvatochromic shift in the SS absorption band from 345 to 350 
nm ('Oabs = 5 nm) for 8, Figure 6.7-(i). On the other hand, in the case of emission 
spectrum of 8, a small positive solvatochromism behavior was also observed with 
increasing solvent polarity, Figure 6.8-(i), the emission spectrum of 8 was observed with 
a peak around 401 nm and a shoulder peak around 421 nm in cyclohexane. A broad and 
red-shifted emission of 8 was observed with only one peak at Omax = 418 nm in the 
solvent of high polarity, N,N-dimethylformamide (DMF). Similar results were also 
observed for 11, 12 and 15 in their absorption spectra and emission spectra (see Figure 6. 
7-10., and Table 6.3). These results indicated that the Pe (dipole moment of 8, 11, 12 and 
15 in the excited state) should be a little larger than the Pg (the dipole moment of 8, 11, 
12, and 15 in the ground state) because a positive solvatochromic effect was observed in 
the absorption spectra and emission spectra.32,33 On the other hand, the fact that 
solvatochromic effects is more important for emission than for absorption suggests that 
these current compounds are more solvated in the excited state than in the ground 
state,34 which implied the very small internal charge transfer (ICT) from subtituents to 
pyrene central ring. 
 
Table 6.3 Optical absorption and emission spectroscopic data for compounds 8-15 in various 
solvents at 25 oCa 
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(I) Optical absorption and emission spectroscopic data for compounds 8 and 11 in various solvents 
Compd    solvent         Absorption          Fluo. Emission        logH [d]          stokes-shift         )f[e] Ws[f]                 K f [g] Knr[h]
Omax [nm] [b] Omax [nm] [c] [M-1 cm-1]         [nm]                                   [ns]             [s-1]                 [s-1]
8
11
345
346
348
349
350
394
395
395
397
397
CCH
CHCl3
THF
DCM
DMF
CCH
CHCl3
THF
DCM
DMF
401
402
402
405
418
455
456
457
458
459
4.60
4.63
4.65
4.75
4.84
4.67
4.80
5.16
5.31  
5.56
56
56
54
56
68
61
61
62
61
62
0.85
---
---
0.93
---
0.76
---
---
0.75
---
---
---
---
---
---
1.5
---
---
---
---
---
---
---
---
---
5.1E + 0.8
---
---
---
---
---
---
---
---
---
1.6E + 0.8
---
---
---
---
 
(I I) Optical absorption and emission spectroscopic data for compounds 12 and 15 in various solvents 
Compd    solvent         Absorption          Fluo. Emission        logH [d]          stokes-shift         )f[e] Ws[f]                 K f [g] Knr[h]
Omax [nm] [b] Omax [nm] [c] [M-1 cm-1]         [nm]                                   [ns]             [s-1]                 [s-1]
12
15
348
349
349
349
350
395
395
396
397
397
CCH
CHCl3
THF
DCM
DMF
CCH
CHCl3
THF
DCM
DMF
424
432
432
435
448
461
464
465
466
468
4.51
4.73
4.75
4.79
4.84
4.23
5.13
5.16
5.24  
5.36
76
83
83
86
98
66
69
69
69
71
0.92
---
---
0.99
---
0.98
---
---
0.94
---
---
---
---
---
---
1.8
---
---
---
---
---
---
---
---
---
5.4E + 0.8
---
---
---
---
---
---
---
---
---
1.4E + 0.8
---
---
---
---
 
[a] All spectra were measured for ~ 10-5±10-6 M concentration in different solvents at 25 oC . [b] ~ 
10 -5 M in different solvents, Oabs is the absorption band appearing at the longest wavelength. [c] 
~ 10 -6 M in different solvents, Oabs is the fluorescence band appearing at the shortest wavelength. 
[d] which were calculated at concentration of 1 x 10 -5 M in different solvents. [e] F luorescence 
quantum yield were determined at 1.0 x 10-6 M in cyclohexane and dichloromethane solution 
by absolute methods. [f] F luorescence lifetime, measured at 1.0 x 10 -5 M in cyclohexane and 
dichloromethane, relative that of 9,10-diphenylanthrathcene (0.90 in cyclohexane). [g]/[h] the 
rate constants for fluorescence radiation and nonradiative decay, calculated by the following 
equation : )f = kfWs and Ws = 1 / (kf + kisc + knr).  
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(i) 
 
(ii) 
 
F igure 6.7 Normalized UV-Vis absorption spectra of 8-(i) and 11-(ii) recorded in (a) 
cyclohexane, (b) chloroform, (c) tetrahydrofuran(TH F) (d) dichloromethane(DCM), (e) 
N,N-dimethylformamide (DMF) at ~ 10 -5 M concentration at 25 °C . 
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(ii) 
 
F igure 6.8 Normalized emission spectra of 8-(i) and 11-(ii) recorded in (a) cyclohexane, (b) 
chloroform, (c) tetrahydrofuran(TH F) (d) dichloromethane(DCM), (e) N,N-dimethylformamide 
(DMF) at ~ 10 -5 M concentration at 25 °C . 
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(i) 
 
(ii) 
F igure 6.9 Normalized UV-Vis absorption spectra of 12-(A) and 15-(B) recorded in (a) 
cyclohexane, (b) chloroform, (c) tetrahydrofuran(TH F) (d) dichloromethane(DCM), (e) 
N,N-dimethylformamide (DMF) at ~ 10 -5 M concentration at 25 °C . 
Jian-yong Hu                               Saga University, Japan 
- 125 - 
 
 
 
0
200
400
600
800
1000
350 400 450 500 550 600
N
or
m
al
iz
ed
 In
te
ns
ity
Wavelength (nm)
a
b
c
d
e
 
(i) 
0
200
400
600
800
1000
400 450 500 550 600
N
or
m
al
iz
ed
 F
lu
or
es
ce
nc
e 
In
t.
Wavelength (nm)
a
b
c
d
e
 
(ii) 
 
F igure 6.10 Normalized emission spectra of 12-(A) and 15-(B) recorded in (a) cyclohexane, (b) 
chloroform, (c) tetrahydrofuran(TH F) (d) dichloromethane(DCM), (e) N,N-dimethylformamide 
(DMF) at ~ 10 -5 M concentration at 25 °C . 
Jian-yong Hu                               Saga University, Japan 
- 126 - 
 
¾ 6.3 Conclusion 
Fluorene-pyrene-based monomers composed of fluorenyl or pyrenyl substituentd 
and pyrene core have been synthesized in high yield by a modified Suzuki coupling 
reaction. Physical properties studies of 8-11 showed that there is a substantial effect on 
between the stability of materials and the number of substituted or substiuents. On the 
other hand, Photoproperties studies of 8-11 also indicated that there is a significant 
effect on the UV-vis absorption spectra and emission spectra with the increasing number 
of substituted and the change of substituents. Compounds 8-11 showed intense 
luminescence both in solution ()F | 0.75 ± 1.00) and in the solid state. A sight 
solvatochromic effects observed in 8-11 can be explained that these current compounds 
8-11 are more solvated in the excited state than in the ground state. The herein- 
presented molecules are exciting new materials that combine excellent optical features 
and an improved thermal stability. Thus, application in OLEDs can be suggested and 
further exploration into this area is underway. 
 
 
¾ 6.4 Exper imental section 
    All melting points are uncorrected. 1H NMR spectra were recorded at 300 MHz on a 
Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with Me4Si as an inter-
nal reference. UV-vis spectra were recorded on a Perkin Elmer Lambda 19 UV/VIS/NIR 
spectrometer. Emission spectra were performed in a semimicro fluorescence cell (Hellma, 
104F-QS, 10×4 mm, 1400PL) with a Varian Cary Eclipse spectrophotometer. Mass spectra were 
obtained on a Nippon Denshi JMS-HX110A Ultrahigh Performance Mass Spectrometer at 75 
eV using a direct-inlet system. Elemental analyses were performed by Yanaco MT-5.  
 
Mono-bromination of pyrene with NBS in D M F (NBS-D M F) (2): 
A solution of NBS (186.9 mg, 1.05 mmol) in dry DMF (5 ml) was added to a solution of pyrene 
(252.3 mg, 1.0 mmol) in dry DMF (10 ml) and stirred at room temperature 24 h. After reaction, 
the mixture was poured into water (50 ml) and extracted with dichloromethane (100 ml). The 
extract was washed well with water, dried (MgSO4), and evaporated under reduced pressure to 
yield crude products (85%, G. C. Analysis) as a pale-yellow solid (332 mg, 85%).  m. p. 74-76 
0C.
Jian-yong Hu                               Saga University, Japan 
- 127 - 
 
Di-bromination of Prene with DB M H in C H2C l2 (3a/3b): 
A solution of DBMH (143.0 mg, 0.51 mmol) in dry CH2Cl2 (10 ml) was added to a solution of 
pyrene (252.3 mg, 1.00 mmol) in dry CH2Cl2 (40 ml) and stirred at room temperature  for 1 h. 
the mixture was poured into water (50 ml) and extracted with dichloromethane (200 ml). The 
extract was washed well with water, dried (MgSO4), and evaporated under reduced pressure to 
yield crude products. The crude products were successfully washed with CH2Cl2 (15 ml) to give 
the desired compounds as an orange-yellow solid (398 mg, 97 %). 
m. p. 124-126 0C. 
 
Synthesis of 1, 3, 6, 8-Tetrabromopyrene (4): 
Bromine (8.75 g, 0.055 mol) was added dropwise, with vigorous stirring to a solution of pyrene 
(2.5 g, 0.1225 mol) in nitrobenzene (50 ml) at 80 oC. Then the mixture was heated to 120 oC and 
kept for 12 h. After cooled to room temperature, the mixture was filtered, washed with ethanol 
(100 ml), and dried under vacuum to yield a pale-green solid (6.035 g, 96 %).         
m. p. > 300 oC.                                                              
This compound was quite insoluble in all common organic solvents. The 1H NMR spectrum was 
not obtained in CDCl3 due to the limited solubility of this compound. 
Anal. Calcd. for C16H6Br4: C, 37.11; H, 1.17. Found: C, 36.85; H, 1.23. 
 
Synthesis of 7-tert-butyl-1-bromopyrene (5): Preparation of this compound was previously 
described (20].  
 
Synthesis of 7-tert-butyl-1-(4, 4, 5, 5-tetramethyl-1, 3, 2-dioxa-borolan-2-yl)pyrene (6): The 
synthetic method completely agreed with the reported literature procedure: Lits. 15a. m. p. 
86-88 oC. 
 1H NMR: G = 0.36-0.54 (4H, m, -CH2-), 0.65 (6H, d, J = 4.8 Hz, Me), 0.68 (6H, d, J = 4.8Hz, 
Me), 1.17-1.30 (2H, m, -CH-), 1.39 (12H, s, Me), 1.96-2.02 (4H, t, -CH2-), 7.31-7.33 (3H, m, 
Ar-H), 7.68-7.83 (4H, m, Ar-H) ppm. 
 
Synthesis of 2-[9,9-B is-(3-methyl-butyl)-9H-fluoren-2-yl]-4,4,5,5-tetramethyl-[1,3,2]± 
dioxaborolane (7): 
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The synthetic method completely agreed with the reported literature procedure: Lits. 25 
m. p. 155-157 oC. 
1H NMR: G = 1.49 (12H, s, Me), 1.59 (9H, s, tBu), 8.02 (1H, d, J = 9.0 Hz, Py-H), 8.06 (1H, d, 
J = 9.6 Hz, Py-H), 8.10 (1H, d, J = 4.2 Hz, Py-H), 8.12 (1H, d, J = 2.7 Hz, Py-H), 8.21 (1H, d, J 
= 1.5 Hz, Py-H), 8.24 (1H, d, J = 1.8 Hz, Py-H), 8.49 (1H, d, J = 7.8 Hz, Py-H), 9.02 (1H, d, J = 
9.3 Hz, Py-H) ppm. 
 
Synthesis of 1-(9,9-bis-(3-methyl-butyl)-9H-fluoren-2-yl)-pyrene (8): 
1-bromo-pyrene (200 mg, 0.70 mmol), 2-[9,9-Bis-(3-methyl-butyl)-9H-fluoren-2-yl]- 
4,4,5,5-tetramethyl-[1,3,2]dioxaborolane (461 mg, 1.07 mmol), and Pd(PPh3)4 (0.07 mmol) and 
aqueous 2.0 M K2CO3 (2 mL) were mixed in a flask containing with argon saturated toluene (15 
mL). The reaction mixture was stirred at 90 0C for 24 h. After it was cooled to room temperature, 
the reaction mixture was quenched with saturated sodium bicarbonate solution and extracted 
with toluene (50 mL x 2). The combined organic extracts were dried with anhydrous MgSO4 
and evaporated. The crude product was purified by column chromatography using hexane as 
eluent and recrystallization from methanol to afford the desired product as white solid (265 mg, 
75 %). 
mp. 244-246 0C 
1H NMR (300MHz, CDCl3) G (ppm) = 0.64-0.75 (12H, m, Me), 0.30-1.37 (4H, m, -CH2-), 
2.02-2.07 (6H, m, -CH2- and ±CH-), 7.35-7.42 (3H, m, Ar-H), 7.60-7.62 (4H, m, Ar-H), 
7.78-8.27 (9H, m, Py-H). m/z: 506 (M+). Anal. Calcd. for C39H38 (506.72): C, 92.44; H, 7.56. 
Found: C, 92,42; H, 7.45. 
 
Synthesis of isomer of 1,6-Bis-[9,9-bis-(3-methyl-butyl)-9H-fluoren-2-yl]-pyrene and 
1,8-B is-[9,9-bis-(3-methyl-butyl)-9H-fluoren-2-yl]pyrene (9/10). 
Di-bromo-pyrene (200 mg, 0.44 mmol), 2-[9,9-Bis-(3-methyl-butyl)-9H-fluoren-2- yl]-4,4, 
5,5-tetramethyl-[1,3,2]dioxaborolane (475 mg, 1.10 mmol), and Pd(PPh3)4   (0.044 mmol) and 
aqueous 2.0 M K2CO3 (2 mL) were mixed in a flask containing with argon saturated toluene (15 
mL). The reaction mixture was stirred at 90 0C for 24 h. After it was cooled to room temperature, 
the reaction mixture was quenched with saturated sodium bicarbonate solution and extracted 
with toluene (50 mL x 2). The combined organic extracts were dried with anhydrous MgSO4 
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and evaporated. The crude product was purified by column chromatography using hexane as 
eluent and recrystallization from methanol and hexane to afford the desired product as white 
solid (230 mg, 65 %). 
mp. 206-208 0C 
1H NMR (300MHz, CDCl3) G (ppm) = 0.60-0.78 (24H, m, Me), 1.23-1.40 (8H, m, -CH2-), 
1.99-2.09 (12H, m, -CH2- and ±CH-), 7.30-7.43 (6H, m, Ar-H), 7.57-7.64 (8H, m, Ar-H), 
7.76-8.28 (8H, m, Py-H). m/z: 811 (M+). Anal. Calcd. for C62H66 (811.19): C, 91.80; H, 8.20. 
Found: C, 91.78; H, 8.22.  
 
Synthesis of 1,3,6,8-Tetrakis-[9,9-Bis-(3-methyl-butyl)-9H-fluoren-2-yl]-pyrene (11): 
1,3,6,8-tetrabromopyrene (200 mg, 0.39 mmol), 2-[9,9-Bis-(3-methyl-butyl)-9H-fluoren-2- 
yl]-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane (1003 mg, 2.32 mmol), and Pd(PPh3)4 (0.013 
mmol) and aqueous 2.0 M K2CO3 (2 mL) were mixed in a flask containing with argon saturated 
toluene (50 mL). The reaction mixture was stirred at 90 0C for 48 h. After it was cooled to 
room temperature, the reaction mixture was quenched with saturated sodium bicarbonate 
solution and extracted with dichloromethane (100 mL x 2). The combined organic extracts were 
dried with anhydrous MgSO4 and evaporated. The crude product was purified by column 
chromatography using hexane/dichloromethane (9:1) as eluent to provide a green powder (452 
mg, 82 %). 
m. p. 276-278 0C. 
1H NMR (300MHz, CDCl3) G (ppm) = 0.66-0.69 (48H, m, Me), 1.23-1.35 (16H, m, -CH2-), 
2.01-2.06 (24H, m, -CH2- and -CH-), 7.31-7.41 (12H, m, Ar-H), 7.66-7.88 (16H, m, Ar-H), 8.16 
(2H, s, Py-Ha), 8.19 (4H, s, Py-Hb). m/z: 1419.96 (M+). Anal. Calcd. for C108H122 (1420.61): C, 
91.34; H, 8.66. Found: C, 89.82; H, 8.5. 
 
Synthesis of 1-(7-tert-butyl-pyren-1-yl)pyrene (12): 
1-bromo-pyrene (200 mg, 0.70 mmol), 7-tert-butyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxa- 
borolan-2-yl)pyrene (411 mg, 1.07 mmol), and Pd(PPh3)4 (0.07 mmol) and aqueous 2.0 M 
K2CO3 (2 mL) were mixed in a flask containing with argon saturated toluene (15 mL). The 
reaction mixture was stirred at 90 0C for 48 h. After it was cooled to room temperature, the 
reaction mixture was quenched with saturated sodium bicarbonate solution and extracted with 
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toluene (50mL x 2). The combined organic extracts were dried with anhydrous MgSO4 and 
evaporated. The crude product was purified by column chromatography using 
hexane/dichloromethane (9 : 1) as eluent to provide a pale-yellow powder (236mg, 72%). 
mp. 278-280 0C 
1H NMR (300MHz, CDCl3) G (ppm) = 1.59 (9H, s, t-Bu), 7.60-8.87 (17H, m, Ar-H).  
m/z: 458 (M+). Anal. Calcd. for C36H26 (458.59): C, 94.29; H, 5.71. Found: C, 93.91; H, 5.80. 
 
Synthesis of isomer of 1,6-Bis-(7-tert-butyl-pyren-2-yl)-pyrene and 1,8-B is-(7-tert- 
butyl-pyren-2-yl)pyrene (13/14) 
Di-bromo-pyrene (200 mg, 0.56 mmol), 7-tert-butyl-1-(4,4,5,5-tetramethyl-1,3,2-di-oxa 
borolan-2-yl)pyrene (422mg, 1.40mmol), and Pd(PPh3)4 (0.056mmol) and aqueous 2.0 M 
K2CO3 (2mL) were mixed in a flask containing with argon saturated toluene (50mL). The 
reaction mixture was stirred at 90 0C for 24 h. After it was cooled to room temperature, the 
reaction mixture was quenched with saturated sodium bicarbonate solution and extracted with 
dichloromethane (100 mL x 2). The combined organic extracts were dried with anhydrous 
MgSO4 and evaporated. The crude product was washed with hot toluene and methanol to 
provide a yellow powder (268mg, 67%). 
mp. > 300 0C 
1H NMR (300MHz, CDCl3) G (ppm): Not obtained. m/z: 714 (M+). Anal. Calcd. for C56H42 
(714.93): C, 94.08; H, 5.92. Found: C, 94.02; H, 5.89. 
*The 1H NMR spectrum of this compound was not obtained due to its limited solubility in 
CHCl3 solution. But a strong blue fluorescence emission can be observed in CH2Cl2 solution 
condition. 
 
Synthesis of 1,3,6,8-Tetrakis-(7-tert-butyl-pyrene-2-yl)pyrene (15). 
1,3,6,8-tetrabromopyrene (200 mg, 0.39 mmol),7-tert-butyl-1-(4,4,5,5-tetra-ethyl-1,3,2- 
ioxaborolan-2-yl)pyrene (891 mg, 2.32 mmol), and Pd(PPh3)4 (0.013 mmol) and aqueous 2.0 M 
K2CO3 (2 mL) were mixed in a flask containing with argon saturated toluene (50 mL). The 
reaction mixture was stirred at 90 0C for 72 h. After it was cooled to room temperature, the 
reaction mixture was quenched with saturated sodium bicarbonate solution and extracted with 
dichloromethane (100 mL x 2). The combined organic extracts were dried with anhydrous 
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MgSO4 and evaporated. The crude product was purified by column chromatography using 
hexane/dichloromethane (5:1) as eluent to provide a pale green powder (318 mg, 66 %). 
mp. > 300 0C 
1H NMR (300MHz, CDCl3) G (ppm) = 1.55 (36H, s, t-Bu), 7.70-8.25 (32H, m, Ar-H), 8.27 (2H, 
s, Py-Ha), 8.38 (4H, s, Py-Hb).  
m/z:1227.58 (M+). Anal. Calcd. for C96H74 (1227.61): C, 93.92; H, 6.08. Found: C, 92.95; H, 
6.33. 
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Chapter 7 
 
Synthesis, Structural and Photophysical Properties of 
Diarylamine-Functionalized Pyrene Der ivatives via 
Buchwald-Hartwig Amination Reactions 
 
 
¾ Abstract 
A new series of diarylamino-functionalized pyrene derivatives, namely, 1-mono-(di 
phenylamino)-substituted pyrenes (5), isomer of 1,6-bis- and 1,8-bis-(diphenylamino)- 
substituted pyrenes (6/7) and 1,3,6,8-tetrakis-(diphenylamino)-substituted pyrenes (8) 
have been synthesized.. Compounds 5, 6/7, and 8 were prepared from the reactions of 
several bromopyrenes with diphenylamine via a modified Buchwald-Hartwig amination 
reaction in good yields (53%-72%). The structures of these compounds were determined 
on the basis of spectral data and elemental analysis. All Compounds 5-8 have bright 
fluorescent emission from sky-blue to green in solutions condition (Omax = 464-500 nm 
in CH2Cl2) and high emission efficiency ()f = 0.84-0.96 in dichloromethane). All 
compounds have high thermal stability and good solubility in common organic solvents. 
The electronic properties of these new compounds were determined by spectroscopic 
methods such as UV-Vis absorption spectroscopy and fluorescence emission 
spectroscopy. Clear evidences were obtained that the longest wavelength bands of these 
compounds are bathochromically red-shifted as the number of diphenylamino 
substituents. 
 
 
 
 
 
Jian-yong Hu                               Saga University, Japan 
- 136 - 
 
¾ 7.1 Introduction  
   Since Tang and co-workers firstly demonstrated that the used of hole-transporting 
layers (HTLs) for hole injection from the anodes into the light-emitting layer could 
provides the significant improvement of the OLED device performance,1 much attention 
has been devoted to the development of new hole-transporting materials2 in recent years. 
Recently, low molecular weight triarylamine derivatives have attracted much interest as 
hole-transporting materials (H T Ms) for use in multilayer OLEDs3-5 due to their high 
mobility and are easily oxidized to form stable radical cations that act as 
hole-transporting species. Furthermore, they are easily purified by vapor deposition 
techniques or column chromatography and uniform thin film can be prepared by simple 
coating techniques. Examples of triarylamine-based HTM are 4, 4c-bis(m-tolylphenyl- 
amino)biphenyl (TPD),6 bistriphenylamine end-capped oligothiophenes,7 spiro- 
silabifluorene8 and bi-furyl derivatives,9 and dithioenosilole10 and dicarbazolyl11 
derivatives containing peripheral triarylamines (Figure 7.1) and practical OLED devices, 
a simple structure hole-transporting material (HTM) with high mobility of hole, stable 
amorphous state, easy form good thin film by spin-coating techniques, and preferable a 
simple preparation is necessary. Therefore, there are continually research interest on the 
design and synthesis of new HTMs materials with above mentioned properties.  
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F igure 7.1 Chemical structures of low molecular weight HTMs in above mentioned literatures. 
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   As a large conjugated aromatic ring, pyrene not only has the advantage of high PL 
efficiency,12 high carrier mobility, but also has the much improved hole-injection ability 
than oligofluorenes or polyfluorene.13 Very recently, some pyrene derivatives have been 
used in OLEDs in order to improve hole transporting ability because of its electron-rich 
property14 (Figure 7.2). Accordingly, in this Chapter, the synthesis and characterization 
of three types of diarylamino functionalized pyrene derivatives are described, which 
were prepared by using a modified Buchwald-Hartwig amination reaction. My 
motivation of designing the three types of materials is to combine the high hole mobility 
function of diphenylamine as substituents with the high efficiency and hole-injection 
ability of pyrene as the conjugation core. Thus, photophysical properties of these 
compounds are fully examined by using spectroscopy techniques.   
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F igure 7.2 chemical structures of pyrene-based hole-transporting derivatives. 12 
 
 
¾ 7.2 Results and Discussion 
 
7.2.1 Synthesis and structures of compounds 5-8 
   As described in chapter 6, most aryl-substituted pyrenes were mainly prepared by 
using Suzuki coupling reactions, where aryl function groups are phenyl, naphathrenyl, 
thienyl as well as some other groups. Herein, the three types of diphenylamine 
functionalized pyrene derivatives 5-8 were synthesized by a modified Buchwald- 
Hartwig amination reaction using the ±C-N- as linked bridge (Scheme 7.1). 
   Bromopyrenes (2-4) were prepared according to the literatures procedures. 
Consequently, bromination of pyrene (1) with 1 to 4 equivalents of bromine gave the 
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mono-, di-, and tetrabromopyrenes, respectively, (1-bromopyrene (2), a mixture of 1, 6- 
and 1, 8-dibromopyrene (3a and 3b), and 1, 3, 6, 8-tetrabromopyrene (4). Although 
several attempted separation of the mixture of 1, 6- and 1, 8-dibromopyrene compounds 
(3a and 3b) into each pure failed, the isomer of 1, 6- and 1, 8-dibromopyrene (3a and 
3b) was directly used to carry out the next coupling reaction.                   
 
                    Scheme 7.1 Synthesis of compounds 5-8a 
 
X2
X4X3
X1 R2
R4R3
R1
1
a
2:   X1 = Br , X2 = X3 = X4 = H
3a: X1 = X3 = Br , X2 = X4 = H
3b: X1 = X4 = Br , X2 = X3 = H
4:   X1 = X2 = X3 = X4 = Br
1 3
68
5a/b: R1 = A , R2 = R3 = R4 = H
6a/b: R1 = R3 = A , R2 = R4 = H
7a/b: R1 = R4 = A , R2 = R3 = H
8a/b: R1 = R2 = R3 = R4 = A
b
A: R'1 = H
     R'2 = Me
N
R' R'
1 3
68
 
a Reagents and conditions: a) Bromiantion conditions can be found in previously chapters; (b) 
Pd(OAc)2 (4 mol% of Pd per halogen atom of bromopyrene), (t-Bu)3P (12 mol% P per halogen 
atom of bromopyrene), Cs2CO3 (10 mol of Cs per halogen atom of bromopyrene), O-xylene, 160 
oC , 48 h under argon conditions. 
    
    The Buchwald-Hartwig amination reactions were carried out between the 
monobromopyrene 2, tetrabromopyrene 4 and the diphenylamine under the modified 
conditions reaction15 to afford the targets mono- and tetrakis-subsituted pyrenes 5(a/b) 
and 8 (a/b) in good yields, respectively. Similarly, to obtain 6 and 7, the mixture of 3a 
and 3b was reacted with the diphenylamine in 65% and 67% yields, respectively. Both 
the mono-substituted pyrenes (5a/b) and the tetra-subsituted pyrenes (8a/b) were 
successfully purified by column chromatography. Although several attempted isolation 
of the mixture of 1, 6- and 1, 8-bis-substituted pyrenes (6a/6b and 7a/7b) in pure failed, 
the two mixtures of compounds, 6a/7a and 6b/7b were directly used to determine their 
photoproperties.  
  The structures of these new diphenylamine functionalized pyrene derivatives 5-8 
were fully characterized by 1H NMR, Mass spectroscopy as well as elemental analysis. 
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In particular, due to their D2h point-group symmetric structures, their 1H NMR spectrum 
of these Tetra-substituted pyrene derivatives 8a and 8b are very simple, for example, 
compound 1, 3, 6, 8-tetrakis(N, N-di-P-Tolylamine)pyrene 8b display two singlet at G = 
7.93 ppm and 7.57 ppm for the pyrene ring protons at 4-,  5-,  9-, and 10-positions 
and 2-, 7-positions, respectively, a pair of doublets in a 1 : 1 ratio in the region at G = 
6.93 and G = 6.85 ppm for the aromatic protons, a singlet at G = 2.35 ppm for the eight 
methyl groups protons. Their FT-IR spectra of 4 showed characteristic peaks as 
2991-2961 (for C-H stretching of aliphatic segments) and  ~1600, ~1500, ~1460 (for 
aromatic). Simultaneously, the structures of 5a, 5b, 6a/7a, 6b/7b, 8a, and 8b were also 
established on the basis of the base peak molecular ion at m/z 369, 397, 537, 593, 871, 
and 983 in their mass spectrum. All results were consistent with the proposed structures. 
On the other hand, these three types of diphenylamine-functionalized pyrenes 5-8 are a 
stable solid with a color of from orange to red that can be stored in air at room 
temperature for a prolonged period of time. All these compounds have a good solubility 
in all the common organic solvents including hexane with melting point from 176 0C to 
large than 300 oC, which increasing as the number of substituent. 
 
 
F igure 7.3 Representative 1H NMR spectra of 1,3,6,8-tetrakis(N,N-di-p-tolylamine)pyrene (8b)  
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7.2.2 X-Ray Molecular Structure of 8a 
The molecular structure of compound 8a was further confirmed by single-crystal 
X-ray analysis. The crystals were grown by slow evaporation of a CHCl3 solution. This 
monomer was obtained as orange needles and provided excellent quality data. The 
crystallographic data for this monomer are presented in Table 7.1.  
Consequently, as described in chapter 4, the efficient S-stacking in emitting 
molecules could lead to extensive excimer formation in the solid state or thin film with 
low quantum yields of fluorescence. There is no crystal packing was observed in this 
crystal due to the big sterically hindrance arising from the bulky diphenylamine groups 
that attached in pyrene ring at 1-,3-,6-, and 8-positions. 
 
(i) 
 
(ii) 
F igure 7.4 X-ray structure diagram of compound 8a (i) top view; (ii) side view. 
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Table 7.1 Summary of the crystal data of compound 8a. 
Parameter 8a 
Empirical formula C64H46N4 
Formula weight [g  mol-1] 871.05 
Temperature [K] 
Wavelength  [Å] 
Crystal system 
Space group 
Crystal color and size [mm3] 
a  [Å] 
b  [Å] 
c  [Å] 
D  [°] 
E  [°] 
J  [°] 
Volume [Å3] 
Z 
Density, calcd [g m-3] 
Absorption coefficient [mm-1] 
F(000) 
ș range for data collection [°] 
Reflections collected 
Independent reflections 
Observed data [F2 > 2V(F2)] 
Rint 
Restraints/parameters 
Goodness-of-fit on F2 
R1 [F2 > 2V(F2)] 
wR2 (all data) 
293(2) 
0.71073 
triclinic 
P21/c 
orange, ? u ? × ? 
9.351(7) 
11.990(9) 
22.790(19) 
85.770(13) 
79.677(13) 
68.499(13) 
2339(3) 
2 
1.237 
0.072 
916 
0.91 to 25.01 
15761 
7903 
2019 
0.1794 
0 / 614 
0.788 
0.0819 
0.2518 
 
 
7.2.2 Photophysical properties of 5-8 
7.2.2.1. U V-visible absorption spectra of compounds 5-8  
   The spectroscopic properties of these diphenylamine-functionalized pyrene 
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derivatives 5-8 were measured in dichloromethane (CH2Cl2) solution and the 
corresponding data were listed in Table 7.2.  
   As shown in Figure 7.5, the absorption spectra of 5-8 show a S - S* band at ~ 379 ± 
472 nm. Consequently, for the 1-mono-diphenylamine-substituted pyrenes, the 
absorption maxima of 5a (379 nm) and 5b (407 nm) are red-shifted ca 40 nm and 70 nm 
compared with that of un-substituted pyrene 1 (336 nm), for the isomer of 1,6-bis- and 
1,8-bis-diphenylamine-substituted pyrenes (6a/7a) and (6b/7b), the absorption spectra 
maxima (422 nm, for 6a/7a; 431 nm, for 6b/7b) are red-shifted ca 80-90 nm relative to 
that of pyrene 1, respectively, and the 1,3,6,8-tetrakis-diphenylamine-substituted 
pyrenes 8a and 8b, the S-S* maxima band were observed at 461 and 472 nm, 
respectively, which are gradually red-shifted about 120 nm and 130 nm compared to 
that of un-substituted pyrene 1, respectively. On the other hand, there is a slight red-shift 
in the absorption spectra of 5b relative to that of 5a, which might be attributed to the 
electron-donating ability of methyl groups. Similar results can also be observed in the 
absorption spectra of 6/7 and 8. Thus, these results indicate that there are significant 
effects on the spectroscopic properties in this molecular system as not only the number 
of substituent but also the difference of substituent characteristics. 
 
 
F igure 7.5 UV-Vis absorption spectra of compounds 5a, 5b, 6/7(a/b) and 8a/b; All compounds are 
measured in dichloromethane at 1.0 x 10-5 M concentration at 25 oC . 
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7.2.2.2. F luorescence-emission spectra of compounds 5-8 
    The fluorescence-emission spectra of 5-8 are shown in Figure 7.6. Dilute solutions 
of 5-8 in dichloromethane showed sky-blue to green emission as the number of 
substituent increased. It is interesting that the monomers that have methyl groups (5b, 
6b/7b and 8b) show significantly red-shifted fluorescence relative to those that have no 
methyl groups (5a, 6a/7a and 8a). On the other hand, the emission maxima of 5a, 6a/7a, 
and 8a, consecutively shifted to longer wavelengths at 464, 481 and 494 nm, in a 
manner similar to their absorption maxima and the fluorescence spectra of 5b, 6b/7b 
and 8b, are also varied at 474, 494 and 500 nm, respectively, also in agreement with the 
electronic absorption spectra. The fluorescence spectrum of 8b was the most red-shifted 
among all the compounds examined (Table 7.2). 
   The fluorescence quantum yields ()F) of 5-8 recorded in dichloromethane are also 
presented in Table 7.2. The )F values of 5-8 were found in the range of 0.84-0.96 
relative to that of 9,10-diphenylanthrathcene (0.90 in cyclohexane). 
 
Table 7.2 Photophysical data of compounds 5-8 and pyrene (1).a 
Compound           Absorption           Fluo. Emission            logH [d]                 Stokes-shift        P. L.Q.Y. [e]
Omax [nm][b] Omax [nm][ c] [M-1 cm-1]             [nm]
1 
5a
5b
6/7a
6/7b
8a
8b
336
379
409
422
431
461
472
374
464
474
481
489
494
500
nd
4.79
4.80
5.04
5.05
5.31
5.32
38
85
65
59
58
33
28
nd
0.96
0.84
0.89
0.91
0.94
0.92
 
[a]All spectra were recorded for ~ 10-5±10-6 M concentration in dilute CH2Cl2 solution at room 
temperature. [b] at 1.0 x 10 -5 M, Oabs is the absorption band appearing at the longest wavelength. 
[c] at ~ 10 -6 M, Oem is the fluorescence band appearing at the shortest wavelength. [d] which were 
calculated at concentration of 1 x 10 -5 M. [e] F luorescence quantum yield, determined at 1.0 x 
10-6 M concentration, relative that of 9,10-diphenylanthrathcene (0.90 in cyclohexane). [nd] no 
determination. 
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(I) 
 
 
(II) 
F igure 7.6 I) Normalized fluorescence-emission spectra of compounds 5a, 5b, 8a and 8b; I I) 
Normalized fluorescence-emission spectra of compounds 6a/7a and 6b/7b. All compounds are 
measured in dichloromethane at ~ u 10-6 M concentration at 25 °C , compared with that of 
unsubstituted pyrene (1). 
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7.2.2.3 photo-chemical properties of compounds 5b and 8b in different solvents. 
   In order to obtain more detailed information on the electronic spectroscopic 
properties of these diphenylamine-functionalized pyrenes derivatives, the 1-mono- 
substituted pyrenes 5b and the tetrakis-substituted pyrenes 8b were selected as the 
candidates, and the optical absorption and emission spectroscopic data of 5b and 8b 
recorded in various solvents are presented in Table 7.3.  
   Each monomer shows a certain solvatochromic behavior (Figure 7.7 and Figure 7.8). 
The emission spectrum exhibits a more significant red shift in polar solvents than in 
nonpolar solvents (see Table 7.3). For example, the emission maximum of 5a in DMF 
(504 nm) is about 64 nm red-shifted from that in cyclohexane (440 nm) (Figure 7.8-I). 
Similarly, the emission maximum of 8b gradually increases (ca. 20 nm) going from 
cyclohexane (490 nm) to DMF (510 nm) (Figure 7.8-I I). This solvatochromic behavior 
can be attributed to the decease in the energy of the singlet excited states as a function 
of an increase in the polarity of the solvents.  
    Typically, a fluorophore has a larger dipole moment in the excited state than in the 
ground state. Following excitation, solvent dipoles can reorient or relax lowing the 
energy of the excited state.16 So, these results above observed indicated that the Pe 
(dipole moment of 5b and 8b in the excited state) should be larger than the Pg (the 
dipole moment of 5b and 8b in the ground state) because a positive solvatochromic 
effect was observed. On the other hand, the solvatochromic effect indicates the 
monomers possess intramolecualr charge transfer from the donor (diphenylamine) to the 
acceptor (pyrene center) units.17 Interestingly, although compound 8b has a more 
number of substituent, it shows less solvatochromic shift compared with that of 
compound 5b. This may be due to 8b bearing more symmetrical than 5b, which results 
in lower excited dipole of 8b getting less stabilization by the solvent dipole.18 
 
 
 
 
 
Table 7.3 Optical absorption and emission spectroscopic data for compounds 5b and 8b in 
various solvents at 25 oCa 
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Compd       Structure           Solvent                  Absorption          Fluo. Emission        Stokes-shift         )f[d] Ws[e]              K f [f] Knr[g]
Omax [nm] [b] Omax [nm] [c] [nm]                            [ns]            [s-1]             [s-1]
5b
8b
CCH
DCM
THF
CHCl3
DMF
CCH
DCM
THF
CHCl3
DMF
412
409
408
407
406
469
472
473
474
476
440 (246 ) 
474 (248)
478 (330)
484 (277)
504 (302)
490 (259)
500 (260)
502 (300)
503 (307)
510 (296)
28
65
70
77
98
21
28
29
29
34
0.53
0.84         
0.62
0.69
0.56
0.96
0.92
0.85 
0.98
0.88
---
---
---
---
---
1.8
---
---
---
---
---
---
---
---
---
5.4E + 0.8
---
---
---
---
---
---
---
---
---
1.4E + 0.8
---
---
---
---
N
Me
Me
NN
N
Me
Me
Me
Me Me
Me
N
Me
Me
 
[a] All spectra were measured for ~ 10-5 ± 10-6 M concentration in different solvents at 25 oC . [b] ~ 10 
-5 M in different solvents, Oabs is the absorption band appearing at the longest wavelength. [c] ~ 10 -6 
M in different solvents, Oabs is the fluorescence band appearing at the shortest wavelength. [d] 
F luorescence quantum yield were determined at 1.0 x 10-6 M in cyclohexane and dichloromethane 
solution by absolute methods. [e] F luorescence lifetime, measured at 1.0 x 10 -5 M in cyclohexane and 
dichloromethane, relative that of 9,10-diphenylanthrathcene (0.90 in cyclohexane). [f]/[g] the rate 
constants for fluorescence radiation and nonradiative decay, calculated by the following equation : 
)f = kfWs and Ws = 1 / (kf + kisc + knr).  
   
(I) 
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(II) 
 
F igure 7.7 Normalized UV-Vis absorption spectra of 5b (I) and 8b (I I) recorded in (a) cyclohexane 
(CCH), (b) dichloromethane(DCM), (c) tetrahydrofuran(TH F), (d) chloroform (CHCl3), (e) 
N,N-dimethylformamide (DMF) at ~ 10 -5 M concentration at 25 °C . 
 
 
 
(I) 
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(II) 
 
F igure 7.8 Normalized emission spectra of 5b (I) and 8b (I I) recorded in (a) cyclohexane (CCH), 
(b) dichloromethane(DCM), (c) tetrahydrofuran(TH F), (d) chloroform (CHCl3), (e) N,N-dimethyl- 
formamide (DMF) at ~ 10 -6 M concentration at 25 °C . 
 
 
¾ 7.3 Conclusions 
    A new series of diarylamino-functionalized pyrene derivatives, namely, 
1-mono-(di-phenylamine)-substituted pyrenes, isomer of 1,6-bis- and 1,8-bis- 
(diphenylamine)-substituted pyrenes and 1,3,6,8-tetrakis-(diphenylamine)-substituted 
pyrenes have been synthesized, which were prepared from the reactions of 
bromopyrenes with di-phenylamine via a modified Buchwald-Harwig amination 
reaction in excellent yields (53%-72%). The structures of these compounds were 
determined on the basis of spectral data, elemental analysis and single-crystal X-ray 
analysis. All Compounds are bright fluorescent emitters from blue to green in solution 
condition with Omax at ~464-500 nm and high emission efficiency with )f at ~ 0.84-0.96 
in dichloromethane. All compounds have high thermal stability and excellent solubility 
in common organic solvents including cyclohexane. The electronic properties of these 
new compounds were determined by spectroscopic methods such as UV-Vis absorption 
spectroscopy and fluorescence emission spectroscopy. Clear evidences were observed 
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that the longest wavelength bands of these compounds are bathochromically red-shifted 
with not only the number of diphenylamino substituents increased but also the 
introduction of electron-donating subsituents. 
 
 
¾ 7. 4 Exper imental section 
    All melting points are uncorrected. 1H NMR spectra were recorded at 300 MHz on a 
Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with Me4Si as an inter-
nal reference. UV-vis spectra were recorded on a Perkin Elmer Lambda 19 UV/VIS/NIR 
spectrometer. Emission spectra were performed in a semimicro fluorescence cell (Hellma, 
104F-QS, 10×4 mm, 1400PL) with a Varian Cary Eclipse spectrophotometer. Mass spectra were 
obtained on a Nippon Denshi JMS-HX110A Ultrahigh Performance Mass Spectrometer at 75 
eV using a direct-inlet system. Elemental analyses were performed by Yanaco MT-5.  
 
Mater ials. The bromopyrenes were prepared according to previously described procedures in 
Chapter 6. 
 
Synthesis of 1-(N ,N-di-phenylamine)pyrene (5a): 
The corresponding mono-bromo-pyrene (300mg, 1.07mmol), secondary amines (272mg, 
1.60mmol, 1.5 mol of amine per halogen atom of bromo-pyrene), Pd(OAc)2 (1 mol % of Pd per 
halogen atom of bromo0pyrene), (t-Bu)3P (3 mol % of P per halogen atom of bromo-pyrene), 
Cs2CO3 (1.5 mol of Cs per halogen atom of bromo-pyrene), and 0-xylene (10ml) were mixed 
together and heated at 160 0C for 12 h. The reaction was quenched with water (30ml) and the 
organic layer taken into 100 ml of CH2Cl2, washed with brine solution, and dried over MgSO4. 
Evaporated of the solvent under vacuum resulted in a solid residue. The residue was adsorbed in 
silica gel and purified by column chromatography using hexane as eluent and recrystallization 
from ethyl acetate to afford the corresponding desired compound as light-green powder (258mg, 
65%). 
mp. 202-204 0C 
1H NMR (300MHz, CDCl3) G (ppm): 6.92-7.23 (10H, m, Ar-H), 7.90-8.37 (9H, m, Py-H). m/z: 
369 (M+). Anal. Calcd. for C28H19N (369.46): C, 91.03; H, 5.18; N, 3.79. Found: C, 88.30; H, 
5.22; N, 5.26. 
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Synthesis of 1-(N ,N-di-P-Tolylamine)pyrene (5b): 
The corresponding mono-bromo-pyrene (280mg, 1.0mmol), secondary amines (296mg, 
1.50mmol, 1.5 mol of amine per halogen atom of bromo-pyrene), Pd(OAc)2 (1 mol % of Pd per 
halogen atom of bromo0pyrene), (t-Bu)3P (3 mol % of P per halogen atom of bromo-pyrene), 
Cs2CO3 (1.5 mol of Cs per halogen atom of bromo-pyrene), and 0-xylene (10ml) were mixed 
together and heated at 120 0C for 12 h. The reaction was quenched with water (30ml) and the 
organic layer taken into 100 ml of CH2Cl2, washed with brine solution, and dried over MgSO4. 
Evaporated of the solvent under vacuum resulted in a solid residue. The residue was adsorbed in 
silica gel and purified by column chromatography using hexane as eluent and recrystallization 
from hexane and methanol to afford the corresponding desired compound as white crystal 
(225mg, 57%). 
mp. 176-178 0C 
1H NMR (300MHz, CDCl3) G (ppm): 2.28 (6H, s, Me), 6.94 (4H, d, J = 8.7 Hz, Ar-H), 7.00 (4H, 
d, J = 8.7 Hz, Ar-H), 7.78-8.16 (9H, m, Ar-H). m/z: 397 (M+). Anal. Calcd. for C30H23N 
(397.51): C, 90.64; H, 5.83; N, . Found: C, 90.56; H, 5.88. 
 
Synthesis of isomer of 1,6- and 1,8-Bis-(N ,N-di-phenylamine)pyrene (6a/7a). 
The corresponding Di-bromo-pyrene (300mg, 0.66mmol), secondary amines (335mg, 1.98mmol, 
2.5 mol of amine per halogen atom of bromo-pyrene), Pd(OAc)2 (2 mol % of Pd per halogen 
atom of bromo0pyrene), (t-Bu)3P (6 mol % of P per halogen atom of bromo-pyrene), Cs2CO3 
(2.5 mol of Cs per halogen atom of bromo-pyrene), and 0-xylene (10ml) were mixed together 
and heated at 120 0C for 48 h. The reaction was quenched with water (100ml) and the organic 
layer taken into 100 ml of CH2Cl2, washed with brine solution, and dried over MgSO4. 
Evaporated of the solvent under vacuum resulted in a solid residue. The residue was adsorbed in 
silica gel and purified by column chromatography using hexane as eluent and recrystallization 
from ethyl acetate to afford the corresponding desired compound as light-green powder (205mg, 
68%). 
mp. 288-290 0C 
1H NMR (300MHz, CDCl3) G (ppm): 6.89-7.24 (20H, m, Ar-H), 7.79-8.16 (18H, m, Py-H). m/z: 
537 (M+). Anal. Calcd. for C40H28N2 (536.66): C, 89.52; H, 5.26; N, 5.22. Found: C, 90.04; H, 
5.10; N, 3.37.  
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Synthesis of isomer of 1,6- and 1,8-Bis-(N ,N-di-P-Tolylamine)-pyrene (6b/7b) 
The corresponding Di-iodo-pyrene (300mg, 0.66mmol), secondary amines (390mg, 1.98mmol, 
2.5 mol of amine per halogen atom of bromo-pyrene), Pd(OAc)2 (2 mol % of Pd per halogen 
atom of bromo0pyrene), (t-Bu)3P (6 mol % of P per halogen atom of bromo-pyrene), Cs2CO3 
(2.5 mol of Cs per halogen atom of bromo-pyrene), and 0-xylene (10ml) were mixed together 
and heated at 120 0C for 48 h. The reaction was quenched with water (100ml) and the organic 
layer taken into 100 ml of CH2Cl2, washed with brine solution, and dried over MgSO4. 
Evaporated of the solvent under vacuum resulted in a solid residue. The residue was adsorbed in 
silica gel and purified by column chromatography using hexane/CHCl3 (5 :1) as eluent and 
recrystallization from methanol to afford the corresponding desired compound as yellow 
powder (208mg, 53%). 
mp. 196-198 0C 
1H NMR (300MHz, CDCl3) G (ppm): 2.26 (12H, s, Me), 2.28 (12H, s, Me), 6.88-7.02 (32H, m, 
Ar-H), 7.74-8.12 (16H, m, Py-H). m/z: 592 (M+). Anal. Calcd. for C44H36N2 (592.77): C, 89.15; 
H, 6.12; N, 4.73. Found: C, 89.45; H, 6.10; N, 4.79.  
 
Synthesis of 1, 3, 6, 8-Tetrakis-(N ,N-di-phenylamine)pyrene (8a): 
The corresponding Tetra-bromo-pyrene (300mg, 0.58mmol), secondary amines (588mg, 
3.48mmol, 6.0 mol of amine per halogen atom of bromo-pyrene), Pd(OAc)2 (4 mol % of Pd per 
halogen atom of bromo0pyrene), (t-Bu)3P (12 mol % of P per halogen atom of bromo-pyrene), 
Cs2CO3 (10 mol of Cs per halogen atom of bromo-pyrene), and o-xylene (10ml) were mixed 
together and heated at 160 0C for 48 h. The reaction was quenched with water (100ml) and the 
organic layer taken into 100 ml of CH2Cl2, washed with brine solution, and dried over MgSO4. 
Evaporated of the solvent under vacuum resulted in a solid residue. The residue was adsorbed in 
silica gel and purified by column chromatography using hexane/CHCl3 (6 :1) as eluent and 
recrystallization from ethyl acetate to afford the corresponding desired compound as light-green 
powder (378mg, 72%). 
mp. > 300 0C 
1H NMR (300MHz, CDCl3) G (ppm): 6.89-7.17 (40H, m, Ar-H), 7.66 (2H, s, Py-Ha), 7.97 (4H, 
s, Py-Hb). m/z: 871 (M+). Anal. Calcd. for C64H46N4 (871.08): C, 88.25; H, 5.32; N, 6.43. 
Found: C, 88.53; H,5.25; N, 6.44  .  
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Synthesis of 1, 3, 6, 8-Tetrakis-(N ,N-di-P-Tolylamine)pyrene (8b). 
The corresponding Tetrabromo-pyrene (300mg, 0.58mmol), secondary amines (588mg, 
3.48mmol, 6.0 mol of amine per halogen atom of bromo-pyrene), Pd(OAc)2 (4 mol % of Pd per 
halogen atom of bromo0pyrene), (t-Bu)3P (12 mol % of P per halogen atom of bromo-pyrene), 
Cs2CO3 (10 mol of Cs per halogen atom of bromo-pyrene), and 0-xylene (10ml) were mixed 
together and heated at 160 0C for 48 h. The reaction was quenched with water (100ml) and the 
organic layer taken into 100 ml of CH2Cl2, washed with brine solution, and dried over MgSO4. 
Evaporated of the solvent under vacuum resulted in a solid residue. The residue was adsorbed in 
silica gel and purified by column chromatography using hexane as eluent and recrystallization 
from methanol and hexane to afford the corresponding desired compound as dark-red powder 
(393mg, 69%). 
mp. > 300 0C 
1H NMR (300MHz, CDCl3) G (ppm): 2.35 (24H, s, Me), 6.85 (16H, d, J = 8.4 Hz, Ar-H), 6.93 
(16H, d, J = 8.7 Hz, Ar-H), 7.57 (2H, s, Py-Ha), 7.93 (4H, s, Py-Hb). m/z: 983(M+). Anal. Calcd. 
for C72H62N4 (983.29): C, 87.95; H, 6.36; N, 5.70. Found: C, 87.35; H, 6.49. 
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Summary 
 
Organic EL devices (OLEDs) have recently received considerable attention due to 
their potential application as full-color, flat-panel displays as well as from the 
standpoint of scientific interest. They are attractive because of low voltage driving, high 
brightness, capability of multicolor emission by the selection of emitting materials and 
easy fabrication of large-area and thin-film devices. Following the first reports on 
organic EL devices using single crystals of anthracene, recent pioneering works on 
organic EL devices using low molecular-weight organic materials and conjugated 
polymers have triggered extensive research and development of this new field. 
For the fabrication of high-performance organic EL devices, not only emitting 
materials but also charge-transporting materials are required. Both polymer and small 
molecules are candidates for materials in organic EL devices. The materials for organic 
EL devices should meet the following requirements: (1) to possess a suitable ionization 
potential and electron affinity for energy level matching for the electrode/organic 
material and organic material/organic material, (2) to permit the formation of a uniform 
film without pinholes, (3) to be morphologically stable, (4) to be thermally stable, (5) to 
be electrochemically stable, and (6) to be highly luminescent for emitting materials. In 
addition, doping of luminescent compounds has been shown to be an effective method 
for attaining high brightness and desirable emission color. On the other hand, for the 
fabrication of high-performance organic EL devices, development of new materials with 
high performance and judicious choice of the combination of emitting and 
charge-transporting materials and the combination of emitting and luminescent dopant 
molecules as well as an understanding of basic processes, such as charge injection from 
the electrodes, charge transport, recombination of charge carries to generate the 
electronically excited-state molecule, are of vital important. 
Organic small materials containing polycyclic aromatic hydrocarbons (PAHs) (e.g., 
naphthalene, anthracene, perylene, carbazole, etc.) are well-known and are suitable for 
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applications in OLEDs. Naphthalene, anthracene, perylene and their derivatives have 
been widely used as efficient emitting materials in OLEDs applications. Although 
pyrene belongs to the class of polycyclic aromatic hydrocarbons (PAHs), pyrene and its 
derivatives have been extensively applied to biological technology such as fluorescence 
probes or fluorescence sensor by virtue of its well-characterized long-lived excited state, 
the sensitivity if its fluorescence to quenching, the sensitivity of its excitation spectra to 
microenvironment changes, and its propensity for forming excimers, but the 
development of pyrene derivatives as an emitter for OLEDs application is limited 
because pyrene molecules are easily formed S-aggregates/ excimers in concentration 
solution and in solid state, and the formation of S-aggregates/excimers leads long wave 
excimer emission with low quantum efficiency. Recently, it was reported that pyrene 
derivatives were useful for the blue emitting materials or hole-transporting materials in 
OLEDs by introducing long or branched side chains and copolymerization with a 
suitable bulky co-monomer. Thus, there is substantial interest to develop and investigate 
pyrene-based novel high-performance of emitting materials with high thermal stability, 
good film-forming properties, and excellent quantum fluorescence efficiency for 
full-color OLED applications. This thesis describes the selective synthesis and spectral 
properties of such novel fluorescent compounds based on pyrene. 
 
Chapter 1 gives a short introduction into the field of organic-light-emitting devices 
(OLEDs), briefly summarizing the present state of the art and providing the aim of the 
research program. In addition, the contents of the remaining chapters are briefly 
outlined.  
Chapter 2 provides a brief introduction on organic light emitting devices (OLEDs) 
and extensive literature overview on representative OLEDs materials, but the materials 
are mainly confined on small molecular organic materials consisting of hole-injection 
materials, hole-transporting materials, electron-transporting materials as well as host 
RGB emitting materials. In addition, a detailed attention is focused on pyrene and its 
derivatives that have been extensively studied and applied to biological probes/sensors 
and photonic devices by virtue of their inherent and novel photophysical Characteristics 
in recent literatures. 
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Chapter 3 describes the synthesis, structure, and spectral properties of three types of 
pyrene-based fluorescence monomers consisting of certain arylethynyl-substituted 
segments. The structures of these new compounds were determined on the basis of their 
spectral data and elemental analyses. On the other hand, studies on the electronic 
absorption and fluorescence- emission properties for these new pyrene derivatives are 
fully presented by using UV-vis absorption and photoluminescence spectroscopy 
techniques. 
Chapter 4 explores a new series of pyrene-based cruciform-shaped pure blue 
fluorescent and stable molecules, namely, 2,7-Di-tert-butyl-4,5,9,10-tetrakis(p- 
substituted phenylethynyl)pyrenes, which are successfully synthesized by a modified 
Pd/Cu-catalyzed Sonogashira coupling reaction. The cruciform-shaped S-conjugated 
structures were fully characterized by 1H NMR, 13C NMR, IR spectroscopy, Mass 
spectroscopy as well as elemental analysis. As revealed from single-crystal X-ray 
analysis, there is a herring-bone pattern between stacked columns but the S-S stacking 
distance (ca. 5.83 Å) of adjacent two pyrene units are not especially short at ca. 
3.50-3.70 Å due to the introduction of the two bulky tert-butyl groups in pyrene rings at 
2 and 7 positions. All compounds are strong pure blue fluorescent (Of = 441-453 nm) 
with remarkable fluorescence quantum yields (0.66-0.98, in dichloromethane), good 
solubility in common organic solvents and high stability properties. Additionally, their 
photophysical properties were carefully examined in different organic solvents in detail 
and these data strongly indicated their potential applications as blue-emitting materials 
in organic light-emitting diodes (OLEDs). 
Chapter 5 describes the synthesis and fluorescence properties of a series of 
hand-shaped conjugated monomers with a pyrene as the S-conjugated central core and 
five arms consisting of p-functionalized phenylacetylene groups bearing 
electron-donating substituent, via a modified Sonogashira coupling reaction. These 
molecules emit high sky-blue fluorescence with high quantum yields, good solubility in 
common organic solvents as well as high stability. For these series of 
phenylethynyl-substituted pyrenes, an interesting result was also obtained that there is a 
significant effect between the chemical- and photo-properties along with the number of 
the substituent increased not only in the UV-Vis absorption spectra and fluorescence 
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emission spectra, but also quantum yields of fluorescence. These results also 
demonstrated that they were promising candidates as blue organic light-emitting 
materials in the fabrication of OLEDs devices. 
Chapter 6 describes the synthesis and spectral properties of three types of 
Fluorene-pyrene-based highly blue fluorescent and stable monomers composed of 
fluorenyl or pyrenyl substituted and pyrene core by a modified Suzuki coupling reaction. 
Physical properties studies of these monomers showed that there is a substantial effect 
on between the stability of materials and the number of substituted or substituent. On 
the other hand, Photophysical properties studies of these compounds also indicated that 
there is a significant effect on the UV-vis absorption spectra and emission spectra as 
both the number of substituent and the change of substituent. All Compounds showed 
intense luminescence both in solution ()F | 0.75 - 1.00) and in the solid state. A very 
sight solvatochromic effects observed in these compounds can be explained that these 
current compounds are more solvated in the excited state than in the ground state. The 
herein-presented molecules are exciting new materials that combine excellent optical 
features and an improved thermal stability. Thus, application in OLEDs can be 
suggested and further exploration into this area is underway. 
Chapter 7 deals with three types of diarylamine- functionalized pyrene derivatives, 
namely, 1-mono-(diphenylamine)-substituted pyrenes, isomer of 1,6-bis- and 1,8-bis- 
(diphenylamine)-substituted pyrenes and 1,3,6,8-tetrakis(diphenylamine)-substituted 
pyrenes. All Compounds were prepared from the reactions of several bromopyrenes 
with Diphenylamine via a modified Buchwald-Hartwig amination reaction in excellent 
yields. The structures of these compounds were determined on the basis of spectral data 
and elemental analysis. All Compounds are bright fluorescent emitters from blue to 
green in solution condition with Omax at ~ 464-500 nm and high emission efficiency with 
)f at ~ 0.84-0.96 in dichloromethane. All compounds have high thermal stability and 
good solubility in common organic solvents. The electronic properties of these new 
compounds were determined by spectroscopic methods such as UV-Vis absorption 
spectroscopy and fluorescence emission spectroscopy. Clear evidences were obtained 
that the longest wavelength bands of these compounds are bathochromically red-shifted 
as not only the number of diphenylamine substituent increased but also the introduction 
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of electron-donating substituent. 
 
In summary, many types of pyrene-based highly fluorescent compounds were   
selectively designed and synthesized. The design and synthetic methods for all 
compounds were fully presented. Chemical structures and photophysical properties for 
these compounds were determined by many analysis measurements, and demonstrated 
highly thermal stability and bright fluorescence emission with excellent quantum yields 
from deep-blue to sky-blue to green in dilute solution. These results revealed that these 
materials are promising as host emitters for high efficiency OLEDs.  
However, before OLEDs can become one of the mainstream display technologies 
living  up to its full potential and competing effectively with liquid crystal display 
(LCD), a number of novel materials and devices stability-related issues must be 
resolved, of which the host emitters is perhaps one of the most critical. 
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